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ABSTRACT 

'i'lu'  infliuMice  of  nu'soncojihalic  strueturos  on  the  hypothalamus-anterior 
jiituitary-adrenal  eortex  system  was  investigated  in  rats  suhjeeted  to  midhrain 
seetion  by  observing  the  adrenal  aseorbie  aeid  resjKmse  to  the  stri'sses  of  ether 
anesthesia,  unilateral  adrenaleetomy  and  abdominal  surgery.  Thert*  was  no 
response  indieative  of  inereased  secretion  of  .\CTH  whereas  intact  rats,  sham- 
operated  rats,  and  rats  with  the  sjiinal  cord  sectioned  at  C?  responded  with  a 
marked  fall  in  adrenal  aseorbie  aeid.  The  defect  in  tlie  rats  with  midbrain  see¬ 
tion  was  not  at  the  adrenal  cortical  level,  since  the  response  to  injected  AC'TH 
was  normal,  nor  did  the  anterior  jiituitary  ajipear  to  be  insensitive,  since  there 
was  a  significant  although  diminished  resjionse  to  administered  Pitressin.  It  was 
concluded  that  the  midbrain  l(*sion  had  interfered  with  some  neural  mechanism 
which  has  the  capacity  of  activating  the  hyjiothalamus-anterior  pituitary 
system. 

A  CONSIDERABLE  body  of  evidence  has  accumulated  to  indicate  tliat 
the  hypothalamus  exerts  an  important  influence  on  the  secretion  of 
adrenocorticotropic  hormone  (ACTH)  by  the  release  of  an  activating 
neurohumoral  substance  into  the  hypophysial  portal  vessels  which  pa.ss 
from  the  tuber  cinereum  to  the  anterior  lobe  (1,  2).  This  repre.sents  a  “final 
common  path”  (8)  for  the  great  variety  of  stimuli  which  induce  the  secre¬ 
tion  of  ACTH,  Work  has  been  initiated  in  a  number  of  laboratories  to 
elucidate  the  role  of  stimuli  reaching  the  hypothalamus  from  lower  or 
higher  centers  of  the  nervous  system  and  terminating  on  the  “final  com¬ 
mon  path,”  but  the  results  thus  far  have  been  rather  confusing. 

Heat  (4)  on  .stimulation  of  the  .septum  obtained  a  drop  in  blood  eosino¬ 
phils  .suggesting  the  release  of  ACTH;  conversely  Moll  (5)  found  that 
septal  lesions  have  an  inhibitory  effect  on  adrenal  compensatory  hyper- 
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trophy;-  Pool  ct  al.  (7),  Kndroczi  el  al.  (8,  9)  and  (lanong  et  al.  (10)  nhowcc 
that  stimulation  of  the  orhitofrontal  parts  of  the  brain  activates  the  pitui¬ 
tary-adrenal  system  and  enhance  the  ACTH  releasing  activity  of  adrena¬ 
line.  Mason  (11,  12,  l.‘l)  reported  that  in  monkeys  the  stimulation  of  tlu 
hippocampus  and  of  the  preoptic  region  lowers  plasma  17-hydrocorti¬ 
costeroid  levels,  whereas  the  stimulation  of  other  lymhic  areas  (amygda¬ 
loid  complex)  results  in  significant  plasma  hydroxy  corticosteroid  eleva¬ 
tion.  Amygdala  lesions  are  followed  in  cats  by  extreme  increase  in  corticoid 
.secretion  as  shown  by  Kndroczi  (14).  hMrnix  .section  disrupts  the  diurnal 
rhythm  of  urinary  17-hydrocorticosteroid  output  (11,  12,  El)  and  accord¬ 
ing  to  Kgdahl  et  al.  (1.5)  decortication,  decortication  plus  removal  of  ba.sal 
ganglia,  hippocampus  and  fornix,  and  ablation  of  the  thalamus  do  not  re¬ 
sult  in  diminution  of  the  adrenal  response  to  operative  trauma  in  dogs^ 

The  brain  stem  reticular  formation  exerts  a  critical  influence  in  the 
motor  and  .sensory  spheres,  but  little  is  known  concerning  reticulo-hypo- 
thalamic  relationships  (.5,  Ki,  17,  18).  The  purpose  of  this  study  was  to 
inve.stigate  the  influence  of  the  reticular  .system  and  other  mesencephalic 
.structures  on  the  hypothalamus  pituitary-adrenal  .system  of  the  rat. 

METHODS 

Those  oxjjorinionts  wore  oarriod  out  in  male  rats  of  the  Spraguo-Dawloy  strain  woigli- 
ing  1.50-2.50  gm.  The  ojM'rativo  prooodiiro  was  as  follows:  rats  won*  anosthotizod  with 
other,  a  sagittal  inoision  was  made  in  the  soalp  and  the  inusolos  wore  removed  from  tlu* 
oeeii)ital  hone,  a  hole  was  then  ma<ie  in  the  bone  by  means  of  a  little  drill,  the  hoh* 
was  enlarged  to  about  0.8-1  em.  in  diameter,  the  dura  was  then  opened  and  the  supra- 
t(‘ntorial  part  of  the  midbrain  exposed.  Midbrain  inoision  was  made  at  the  tentorial 
level  with  a  little  sealpel;  the  level  and  the  plane  of  transection  varied  somewhat  in  dif¬ 
ferent  animals  but  the  transection  was  always  complete  (Fig.  1).  .\fter  midbrain  transec¬ 
tion  rats  resemble  a  “n'ticular”  preparation  as  described  by  Lindsley  (10).  They  wen* 
kept  in  single  eages  at  2.5°  C’  and  given  Pencillin  subcutatu'ously  once  daily.  They  were 
fed  bj’  stomach  tube  with  milk  plus  aminoaeids.  glueose,  salts  and  vitamins.  The  mor¬ 
tality  rate  after  midbrain  transection  was  rather  high  (.50%),  most  of  the  animals  dying 
within  the  first  3  days.  Experiments  in  the  operated  animals  were  usually  ])erformed 
between  the  .5th  and  the  2.5th  <lay  after  midbrain  transection  because*  it  has  been  shown 
that  comparable  results  were  obtained  in  this  period  of  time. 

A  pot(*ntial  eomplication  in  the  study  of  the  effects  of  midbrain  transection  on 
•VCTH  release  in  the  rat  is  related  to  the  position  of  the  pituitary  whieh  is  located  under 
the  midbrain  region.  In  order  to  eliminate  the  possibility  of  a  blockade  of  .\('TH  release 
due  to  pituitary  damage,  the  brains  were  r(*moved  at  autopsy,  and  the  glands  were 
examined  with  a  magnifying  glass,  .\nimals  with  damaged  pituitaries  (10%  of  surviving 
animals)  were  discarded. 

Control  experiments  were  performed:  1)  in  sham-op(*rated  animals  in  which  tin 
operative  procedure  was  interrupted  after  having  exposed  the  midbrain;  2)  in  spinal 
rats  in  which  the  spinal  cord  had  been  transected  at  the  C;  level. 

*  It  is  worth  mentioning  that  the  stimulation  of  the  septal  region  is  followed  m 
Rhesus  monkeys  by  an  antidiuretic  response  m(*diated  through  the  release  of  the  anti¬ 
diuretic  hormone  (0),  the  postulated  n(*urohunior  which  activates  the  release  of  .VCTH 
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Fig.  1.  Mesencephalic  rcf^ion  in  tlie  rat.  Abbreviations:  CC,  C'orpus  C^allosnin;  SR, 
'e])tnm  i)ellnei(hiin;  OC'h,  Optic  eliiasina;  III  V,  Tliird  ventrieU';  M,  Massa  intermedia; 
ilRC',  Hipi)()eampns;  HN,  Nucleus  habenulae;  SO,  Superior  colliculus;  Mli,  Mani- 
iiiillary  bodies;  PI),  Pars  distalis;  IP,  Nucleus  interpeduncularis;  P,  Pons.  The  stii)pled 
area  indicates  the  localization  of  the  reticular  formation  of  the  brain  stem. 

To  test  the  reactivity  of  the  hypothalamic-])ituitary  adrenal  system  of  the  midbrain 
sectioned  animals,  the  following  stresses  were  applied:  1)  Onilateral  adrenalectomy 
under  ether  anesthesia.  2)  Laparatomy  and  exposure  of  the  intestines  to  the  drying 
cITect  of  a  lamp  for  5  minutes.  3)  PitressiiP  injection  (0.3  0  rat  intravenously).  The 
sensitivity  of  the  midbrain  sectioned  rat  to  .XC^TH  (2  and  4  niF  rat  intraperitoneally) 
was  also  studied. 

The  .VC'TH  releasing  effect  of  the  different  procedures  was  evaluated  by  means  of 
adrenal  ascorbic  acid  dei)letion  method  (20);  right  a<Irenalectomy  was  j)erformed  under 
ether  anestlu'sia  to  obtain  a  control  level  of  ascorbic  acid;  the  animals  were  killed  by 
decai)itation  2  hours  after  the  different  treatments  and  the  left  adrenal  was  immediately 
removed.  The  adrenal  glands  were  rapidly  dissected  free  of  fat  and  weighted  on  a  torsion 
balance.  Their  content  of  ascorbic  acid  was  then  estimated  by  the  method  of  Roe  and 
Kuether  (21). 

Liver  glycogen  det(‘rminations  were  carrii'd  out  according  to  the  method  of  Stafford 
and  co-workers  (22). 

The  significance  of  the  differences  between  the  means  obtained  was  calculated  by 
Student’s  “t”  test. 

RESULTS 

The  suiKieal  procedure  of  transecting  tiie  midhrain  under  ether  ane.s- 
tliesia  was  associated  with  a  stress  reaction,  as  sliown  by  a  marked  drop  of 
adrenal  ascorl)ic  acid  and  a  significant  decrease  in  liver  glycogen  concen¬ 
tration  immediately  after  the  transection.  Liver  glycogen  returned  slowly 
to  normal  in  the  following  days,  reaching  its  original  value  on  the  o'"  day 
(Fig.  2).  For  this  reason  experiments  in  the  sectioned  animals  were  usually 
performed  starting  from  the  o‘'  postoperative  day. 

In  normal,  sham-operated  and  spinal  rats  a  definite  and  significant  fall 
of  adrenal  ascorbic  acid  followed  the  stress  of  ether  anesthesia  and  uni¬ 
lateral  adrenalectomy  (Table  1).  In  the  midbrain  animals  the  same  stim¬ 
uli  did  not  induce  any  adrenal  ascorbic  acid  depletion. 

®  Pitressin  (a  commercial  antidiuretic  hormone  preparation)  Lot  ^31S4()  was  kindly 
supplied  by  Dr.  D.  .\.  McGinty  of  Parke,  Davis  and  Co. 
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Fig.  2.  Livor  glycogiMi  in  normal  and  ini(ll)rain  sectioned  rat.s.  (Each  point  n'pro- 
sonts  the  mean  of  8  animals.  The  vertical  lines  are  standard  errors.) 

Table  2  .summarize.s  the  re.sults  obtained  in  tlie  laparatomy  experiment.s. 
In  normal  rats  the  stre.s.s  of  ether  ane.sthesia  and  unilateral  adrenalectomy 
plus  laparatomy  is  followed  by  a  highly  significant  drop  of  adrenal  ascorbic- 
acid  concentration  (P  <0.001). 

In  the  midbrain  .sectioned  group  laparatomy  (plus  unilateral  adrenalec¬ 
tomy)  was  carried  out  without  ether  anesthesia  and  the  inte.stines  were  ex¬ 
posed  to  the  drying  effect  of  the  operating  lamp  for  o  minutes,  but  no  drop 
of  adrenal  ascorbic  acid  occurred  following  this  procedure. 

Figure  3  shows  the  sensitivity  to  exogenous  ACTH  of  midbrain  sec¬ 
tioned  rats.  It  is  evident  that  the  adrenals  of  the  decerebrate  animals  still 
show  an  a.scorbic  acid  fall  following  the  administration  of  the  hormone. 
These  re.sults  .seem  to  indicate  that  the  block  of  ACTH  secretion  ob.served 
in  midbrain  sectioned  rats  after  unilateral  adrenalectomy  and  laparatomy 
is  not  related  to  a  block  of  ACTH  activity  at  the  adrenal  level  but  that  it  is 
probably  due  to  an  impairment  of  a  midbrain-hypothalamic  mechanism. 

Table  3  shows  the  results  obtained  when  Pitre.ssin  was  injected  intra¬ 
venously  into  normal  and  midbrain  sectioned  rats  after  ether  anesthesia 
and  unilateral  adrenalectomy.  This  stimulus  was  chosen  becau.se  it  .seems 

Tabi.k  1.  .\drenal  ascorbic  acid  depletion  PRODI’CED  by  ether  anesthesia 

AND  UNILATERAL  ADRENALECTOMY  IN  NORMAL,  SHAM-OPERATED, 

SPINAL  AND  MIDBRAIN  SECTIONED  RATS 


.\(lreiial  ascorhic  acid  concentration 


No.  of 
rats 

(mg./lOU  gm.  adrenal) 

1st  adrenal  2nd  adrenal 

p 

Normal 

14 

410  +  10  (*) 

:ii4±i4 

<0.001 

Sham-operated 

8 

420  -t-  22 

:i:i2  ±  20 

<0.02 

Spinal 

14 

:i8:i±i5 

28f)±r2 

<0.01 

Nlidhrain 

14 

:i‘)t)  ±  22 

420  ±  8 

(*)  Mean±S.E. 
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TaBI.E  2.  .\l)RENAL  ASCORBIC  ACID  DEPLETION  PRODUCED  BY  UNILATERAL  ADRENALEC¬ 
TOMY  PLUS  LAPARATOMY  IN  NORMAL  AND  MIDBRAIN  SECTIONED  RATS 


No.  of  rats 

.\drciial  ascorbic  acid 
concentration 
(nig./lOO  gm.  adrenal) 

P 

1st  ailrenal 

2nd  adrenal 

Normal 

Midhrain 

13 

14 

41 1  +24  (*) 
398  ±21 

280  ±  27 

304  +  20 

<0.001 

(*)  Mcan+ST-. 


2mU  4mU  ACTH. 


Fig.  3.  .\CTH  sensitivity  of  inidbrain  sectioned  rats  (Each  jioint  represinits 
the  mean  of  8  animals.  The  vertical  lines  are  standard  errors). 


Table  3.  .\drenal  ascorbic  acid  depletion  produced  by  ether  anesthesia, 
UNILATERAL  ADRENALECTOMY  PLUS  PITRESSIN  (0.3  U.I.V.)  IN 
NORMAL  AND  MIDBRAIN  SECTIONED  HATS 


.\d  renal  ascorbic  acid 

concentration 

No.  of  rats 

(mg./ too  gm.  adrenal) 

P 

1st  adrenal 

2nd  adrenal 

Normal 

12 

411  +8  (*) 

302  +  14 

<0.001 

Midbrain 

19 

391  ±9 

340  +  12 

<0.02 

(*)  .Mean±S.K. 


to  act  directly  at  the  hypophysial  lev'el  since  previous  investigations  have 
shown  that  Pitressin  releases  ACTH  in  hypophysectomized  rats  bearing  a 
functional  pituitary  graft  in  the  anterior  chamber  of  the  eye  (2,  23),  in 
hypothalamic  lesioned  animals  (24),  in  morphine-blocked  guinea  pigs 
(25)  and  in  “in  vitro"  cultures  of  pituitary  tissue  (26).  In  the  midbrain 
sectioned  rats,  as  well  as  in  the  normal  animals,  Pitressin  administration 
was  followed  by  a  significant  fall  in  adrenal  ascorbic  acid  concentration. 
The  adrenal  response  was  somewhat  diminished  in  the  sectioned  animals 
as  shown  by  the  different  degree  of  significance  of  the  results  obtained. 
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DISCUSSION 

Tlie  experiments  here  presented  have  shown  that  midhrain  sectioned 
rats  are  unable  to  release  ACTH  after  the  exposure  to  severe  stress  such  as 
unilateral  adrenalectomy  and  abdominal  surgery.  The  defect  in  these  rats 
is  not  at  the  adrenal  level  because  the  adrenal  gland  still  responds  to  exog¬ 
enous  ACTH  with  a  fall  in  ascorbic  acid  concentration;  nor  is  the  sen¬ 
sitivity  of  hypophysial  cells  greatly  diminished  after  midbrain  transection 
as  shown  by  the  response  of  the  operated  animals  to  Pitressin  administra¬ 
tion.  These  results  are  in  agreement  with  the  previous  reports  of  Anderson 
and  co-workers  (16,  17)  who  have  shown  in  midbrain  .sectioned  dogs  that 
.severe  stresses  do  not  produce  any  modification  in  urinary  steroids  and  of 
Sayers  (27,  28)  who  has  found  that  section  of  the  brain  stem  at  the  upper 
level  of  the  pons  abolishes  the  stimulatory  action  of  ether  anesthesia  on  the 
pituitary.  In  agreement  with  the.se  results  Xewmann  and  co-workers  (18) 
have  found  that  midbrain  and  supramammillary  diencephalic  lesions  sig¬ 
nificantly  reduce  hydrocortisone  secretion  in  the  cat  and  Moll  (o)  observed 
that  electrolytic  mesencephalic  lesions  block  the  compensatory  hyper¬ 
trophy  following  unilateral  adrenalectomy. 

The  ability  of  Pitressin  to  release  ACTH  in  midbrain  sectioned  animals 
is  in  conflict  with  a  previous  ob.servation  (27).  In  the  experiments  here 
presented  Pitressin  was  however  less  active  in  midbrain  .sectioned  than  in 
normal  animals.  This  re.sult  as  well  as  the  ob.servation  that  the  ri.se  in 
plasma  hydrocorti.sone  concentration  re.sulting  from  intravenous  injection 
of  Pitre.ssin  in  man  is  significantly  suppre.s.sed  by  morphine  (29),  a  drug 
which  has  an  inhibiting  action  on  me.sencephalic  .structures,  .seem  to  indi¬ 
cate  that  the  pituitary  is  le.s.s  .sensitive  to  its  phy.siological  activator  when 
me.sencephalic  structures  are  lesioned  or  inhibited. 

On  evidence  derived  from  pituitarj*  transplantation  and  .stalk  section 
experiments  Fortier  (30)  and  Fortier  et  al.  (.31)  have  divided  stresses  into 
two  groups’  1)  “neurotropic  stre.s.ses,”  tho.se  that  elicit  ACTH  discharge  by 
an  action  through  the  central  nervous  .system  and  2)  “systemic  stresses” 
(such  as  laparatomy  and  unilateral  adrenalectomy),  which  may  act  by 
releasing  chemical  substances  into  the  circulation  or  by  producing  meta¬ 
bolic  changes.  The  experiments  here  presented  seem  to  indicate  that  also 
“.systemic”  or  “metabolic”  stre.sses  act  through  the  excitations  of  nervous 
pathways  which  ultimately  lead  to  the  release  of  the  anterior  pituitary 
stimulating  substance(s)  from  the  median  eminence  (1,  2).  Guillemin  et  al. 
(32)  have  advanced  the  hypothesis  that  under  certain  circumstances  non¬ 
specific  stimuli  may  activate  the  .secretion  of  ACTH  through  the  release  of 
hypophysiotropic  material  of  extrahypothalamic  origin.  The  pre.sent  study 
did  not  corroborate  this  suggestion,  .since  it  was  ob.served  that  laparatomy 
and  unilateral  adrenalectomy,  which  are  .severe  “sy.stemic  stre.sses”  in  nor¬ 
mal  rats,  were  inefi’ective  in  stimulating  ACTH  .secretion  after  midbrain 
transection. 
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SOME  EFFECTS  OF  ADRENALECTOMY  AND 
PREDNISOLONE  ADMINISTRATION  ON 
EXTRACELLULAR  FLUID  AND  BONE 
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ABSTRACT 

Plasma  and  hone  electrolyte  concentrations  were  measured  in  adrenalecto- 
mizedand  Prednisolone  treated  male  rats  in  order  to  investigate  what  influence 
the  absence  of  adrenal  secretion  and  excess  glucocorticoid  might  have  on  the 
distribution  of  ions  between  the  extracellular  fluid  and  the  bone  mineral.  Three 
groups  of  rats  were  studied  for  7  days.  One  group  served  as  controls,  the  second 
was  adrenalectomized,  and  the  third  received  10  mg  of  Prednisolone  daily. 

In  the  adrenalectomized  group,  hj  ponatremia  was  reflected  by  a  decreased 
sodium  concentration  in  the  bone  mineral.  In  the  steroid  treated  animals, 
despite  a  fall  in  plasma  calcium,  the  calcium  concentration  in  the  bone  mineral 
increased  significantly,  while  the  sodium  concentration  did  not  change  in  either 
])lasma  or  bone.  From  these  data  it  would  appear  that  the  ionic  shifts  between 
bone  mineral  and  extracellular  fluid  are  not  solelj’  the  result  of  physicochem¬ 
ical  equilibrium.  Rather,  they  appear  to  be  at  least  in  part  controlled  by  local 
factors  in  the  organic  phase  of  bone  which  in  turn  may  be  modified  b}’  an  excess 
of  a  circulating  glucocorticoid  such  as  prednisolone. 

For  many  years,  bone  has  been  known  to  play  an  important  role  in 
electrolyte  metaboli.sm.  In  1938,  Hastings  and  Huggins  (1)  showed 
that  the  large  store  of  calcium  in  bone  could  be  rapidly  mobilized  to  sup¬ 
port  the  extracellular  fluid  calcium  concentration.  More  recently,  work 
from  this  laboratory  and  others  has  indicated  that  the  store  of  sodium  in 
bone  could  be  decreased  in  sodium  depletion  and  increased  in  sodium  load¬ 
ing  (2,  3,  4).  In  both  instances  it  has  been  postulated  that  these  exchanges 
of  ions  were  governed  by  the  physicochemical  laws  of  equilibrium  between 
a  cry.stal  and  its  surrounding  fluid — a  point  of  view  supported  bj’  in  vitro 
studies  of  exchanges  of  calcium,  sodium,  phosphate  and  citrate  with  syn¬ 
thetic  hydroxyapatite  (5,  6,  7,  8). 
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In  addition  to  these  changes,  adrenalectomy  has  been  shown  to  decrease 
adio-sodium  uptake  by  bone  in  the  dog  (R)  and  to  result  in  decreased  bone 
odium  concentration  in  the  rat  (10).  On  the  other  hand,  the  effects  of 
ulrenal  steroid  administration  on  bone  mineral  composition  have  not  been 
•xtensively  studied  although  Clark  and  (Jeoffroy  (11)  have  presented  evi- 
lence  indicating  a  decreased  skeletal  uptake  of  Ca^^  and  an  increased  uri- 
lary  excretion  of  the  isotope  in  rats  treated  with  glucocorticoids.  Their 
esults  were  especially  striking  when  prednisolone  was  the  steroid  admin- 
stered. 

The  pre.sent  study  was  undertaken  for  two  reasons:  to  obtain  more  in¬ 
formation  concerning  the  influence  of  adrenal  activity  on  the  distribution 
of  ions  between  the  extracellular  fluid  and  bone  mineral;  and  to  see  whether 
the  changes  that  have  been  observed  were  a  result  of  a  direct  effect  upon 
the  skeletal  ti.ssue  or  secondary  to  changes  in  electrolyte  metabolism  of  the 
liody  as  a  whole. 


EXPERIMENTAL  PROCEDURES 

Tliirty  130  day  old  albino  main  rats  from  Rockland  Farm,  N.  Y.,  weiffldiiK  about 
300  Rin.  each,  were  divided  into  three  Rroups.  The  first  served  as  controls,  the  second 
was  adrenalectomized  on  the  first  day  of  the  experiment,  and  the  third  recadved  10  iur. 
of  ])rednisolone  (Meticorttdone  ScheriiiR)  subcutaneously  every  day  for  the  exi)eri- 
mental  period  of  seven  days.  This  stc'roid  was  selected  because,  according  to  Clark’s 
findings  (11),  it  was  the  most  effective  in  reducing  the  bone  radiocalcium  uptake  and 
has  been  reported  to  have  little  effect  on  serum  .sodium  ami  potassium  (12).  All  animals 
were  fed  Purina  fab.  chow  ad  lib.  For  the  first  two  days,  they  received  0.4%  NaCl  solu¬ 
tion  to  drink,  then  tap  water  until  sacrifice.  For  the  last  24  hours,  they  were  fasted  in 
metabolic  cages  and  urine  was  collected  in  order  to  measure  electrolyte  balance.  On  the 
seventh  day,  the  animals  were  anesthetized  with  Nembutal  and  exsanguinated  through 
the  abdominal  aorta.  Roth  femurs  of  each  aninud  were  dissected  free,  the  epiphyses 
and  metaphyses  were  cliijped  off,  the  bone  marrow  and  i)eriosteum  removed,  and  the 
shafts  placed  in  tared  stopi)ered  weighing  bottles. 

.\n  additional  experiment  was  done  on  7  male  rats  of  the  same  strain  weighing  100  gm. 
each  in  order  to  examine  the  effects  of  i)rednisolone  on  the  histology  and  composition  of 
bone  from  young  growing  jjtnimals.  Four  of  these  rats  were  given  predni.solone  for  5  days 
before  .sacrifice:  10  mg.  on  the  first  day  and  5  mg.  on  each  succec'ding  day.  Three  served 
as  controls  and  were  pair-fed  Purina  lab.  chow  to  the  steroid  treated  animals  through¬ 
out  the  experimental  perio<f.  .Ml  were  given  tap  water  ad  lib.  In  the.se  ex|)eriments  the 
animals  had  access  to  food  until  the  time  of  sacrifice.  The  rest  of  the  experimental  pro¬ 
cedure  was  the  same  as  for  the  300  gm.  rats. 


.METHODS  AND  CALrUL.\TIONS 

The  methods  for  plasma  and  bone  electrolytes  and  the  calculations  used  to  determine 
the  size  and  the  composition  of  the  extracellular  compartment  have  alrea<ly  been  de¬ 
scribed  (2,  3,  13,  14).  Whole  blood  pH  was  measured  anaerobically.  The  Donnan  fac¬ 
tors  used  were  taken  from  Manery  (15),  and  the  ionized  fraction  of  calcium  in  .serum 
was  calculated  from  the  nomogram  of  McLean  and  Hastings  (10).  Histological  sections 
of  bone  from  young  and  adult  rats  from  controls  and  the  steroid  treated  grouj)  were  made 
by  standard  methods. 
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RESULTS 

a)  (Umdition  of  the  animals:  At  tlie  end  of  the  experiment,  tlie  control 
group  showed  a  mean  weight  loss  of  4  gm.  The  adrenalectomized  group  had 
lost  an  average  of  49  gm.  and  showed  signs  of  acute  adrenal  insufficiency. 
The  third  group  which  received  10  mg.  of  prednisolone  daily,  lost  7o  gm., 
almost  twice  as  much  as  the  adrenalectomized  animals. 

h)  Plasma:  The  means  and  standard  deviations  of  the  plasma  values 
for  each  group  are  presented  in  Table  1.  The  adrenalectomized  rats  had  a 
blood  pll  of  7. .41,  which  was  substantially  lower  than  in  the  two  other 
groups  (7.4S).  When  compared  with  controls,  they  showed  a  significant 
hyponatremia  (  —  7.4%),  hyperkalemia  (+oS.S%),  and  hypochloremia 
(  — S.1%)  as  would  be  expected  in  adrenal  insufficiency.  .Although  their 


Tabi.k  1.  Plasma  (ompositiox 


pH 

H.O 

Cin/L 

Na 

in.e<i/L 

K 

m.eq/  L 

Total  Ca 
in.e(i/L 

Cl 

in.eq/L 

1* 

inM/L 

Control 

Mean  (10) 

7.:i8 

952 

145.4 

3.0 

5 .  H7 

101  .7 

2.25 

SI) 

.05 

2 .5 

2.0 

.38 

.(»2 

3.3 

.23 

Adrcnaloctomv 

Mean  (10) 

7.31 

045 

134  .0 

0.0 

5.10 

03.5 

3.00 

SI) 

.04 

3.0 

2.4 

3.7 

.17 

2.7 

.20 

I’rednisolone 

.Mean  (10) 

7.38 

041 

145.3 

3.7 

4 . 80 

08.5 

1  .07 

SI) 

.04 

4.1 

3.2 

.40 

.20 

4.4 

.20 

total  plasma  calcium  concentration  did  not  change,  the  total  plasma  phos¬ 
phorus  increased  49%.  This  increase  may  be  partially  explained  by  im¬ 
paired  renal  function  and  tissue  breakdown. 

In  the  steroid  treated  group,  plasma  water  was  low,  941  gm.  Ij  com¬ 
pared  with  9.V2  gm.  L  in  the  controls,  while  the  sodium  and  potassium  did 
not  drop  signiffcantly.  The  total  calcium,  however,  decreased  by  9. .5%  and 
the  effect  on  the  calculated  ionized  fraction  was  still  more  striking. 
—  V2.o%.  In  an  attempt  to  determine  whether  the  decrease  in  plasma  cal¬ 
cium  concentration  observed  was  due  to  decreased  intestinal  absorption, 
decreased  bone  mobilization  or  increased  excretion  of  calcium,  urines  were 
collected  for  the  last  24  hours  before  sacrifice.  Unfortunately,  due  to  the 
small  output  of  these  animals  and  the  high  concentration  of  phosphate  in 
the  urine,  which  interferes  with  calcium  measurement,  the  results  were  in¬ 
conclusive  and  have  therefore  been  omitted.  However,  Clark  et  al.  (17)  did 
not  find  any  rise  in  the  total  output  of  calcium  in  their  prednisolone  treated 
rats,  and  therefore,  this  possibility  .seems  unlikely. 

c)  Extracellular  fluid:  Table  2  illustrates  the  composition  of  the  extra¬ 
cellular  compartment  calculated  from  the  plasma  values.  These  data  ar( 
included  since  exchanges  of  ions  occur  between  bone  mineral  and  this  fluid 
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TaBI.E  2.  CaL(  ri.ATEl)  ('ONCENTRATION  ok  EXTUACELH  ear  KEt  id  EI.ECTROEYTES 


.\a 

in.eii/ 1, 

K 

m.eii/Ii 

C'a" 
in.eq/ 1. 

Cl 

P 

inM/L 

('out  ml 

Mean  (10) 

144 

:{.o 

1  .40 

100.1 

2.21 

SI) 

H.l 

.:t8 

.10 

3.7 

.20 

Adrenaleetoinv 

Mean  (10) 

i:i4 

0.0 

1 

100.0 

;i.08 

SI) 

2.0 

.01 

.05 

3.14 

.50 

Prednisolone 

.Mean  (10) 

14.1 

a.  7 

1  .24 

100.4 

1  .00 

SI) 

.40 

.  10 

4.8 

.24 

ratlier  than  witli  the  plasma.  The  ealeium  drop  is  magnified  by  the  Donnan 
factor  in  the  adrenalectomized  and  steroid  treated  groups:  — S.7%  for  tlie 
former  and  —  for  the  latter. 

d)  Bone:  The  basic  and  derived  values  for  bone  composition  are  sum¬ 
marized  in  Table  3.  The  values  found  in  the  control  group  are  within  the 
range  obtained  previously  in  this  laboratory  (:i,  14).  In  the  adrenalecto¬ 
mized  group,  water,  total  organic  solids,  and  chloride  remained  at  control 
levels,  while  bone  sodium  decreased  by  IS  m.ecj  Kg  bone  ash  (  —  oAi%). 
These  changes  are  similar  to  those  previously  reported  by  others  (10). 
('alcium  increased  by  2:14  m.M  (-|-2.S%),  phosphorus  by  200  mM  (4-3.4%) 
and  carbonate  by  73  m.M  (4-S%).  In  the  .steroid  treated  animals,  the  wa¬ 
ter  content  was  slightly  lower  than  in  the  controls,  although  ash  weight 
and  sodium  values  were  identical.  The  most  marked  change  in  these  ani¬ 
mals  was  the  3.4%  rise  in  bone  calcium.  This  repre.sented  270  m.M  Kg  bone 
ash.  Phosphorus,  carbonate,  and  chloride  appeared  to  increase  .slightly, 
but  none  of  these  changes  were  statistically  significant.  The  significance  of 
the  results  are  given  as  P  values  in  Table  4  together  with  the  per  cent  varia¬ 
tions  as  compared  with  controls. 

Morphologij :  Histological  sections  of  bone  from  controls  and  steroid 
treated  rats  were  made  both  from  young  animals  weighing  100  gm  and  from 


Tab  EE  3. 

Basic  a.nd  derived 

B<»\K  DATA 

HjO 

riins  Kr 

Ash 

% 

C'l 

in.eq  Kg 
of  drv 
FfS 

Crystal 
:  Ca 

inM  Kr 
Ash 

Crystal 

P 

f 'a 

P 

Na*^ 
in.eq <  Ke 
.\sh 

C'rystalt 

Na 

COj- 
inM  Kr 
of  dry 
IKS 

COc' 
niM  Kr 
Asli 

C'ontrol 

Mean  (Kb 

no 

7.1.7 

16.6 

8,316 

.5,8(M)  1 

1 .4.1 

.171 

342 

8.58 

1,164 

SI) 

8.6 

1.05 

1.2 

186 

264 

9.2 

9.2 

30 

53 

.\drenalectoiny 

Mfan  (10) 

l<t4 

74.5 

16.4 

8,. 5.50 

6.(HMt  1 

1.4.1 

.1.57 

323 

031 

1,2.50 

SI) 

1.1.0 

1.82 

1.6 

376 

236 

8.4 

8.6 

62 

83 

Prednisolone 

Mean  (10) 

18.5 

7.1.5 

17.1 

8,. 505 

5,070  ] 

1.44 

373 

.141 

876 

1,101 

SI) 

10.4 

1.47 

1.1 

166 

180 

12.5 

10.7 

36 

40 

*  Not  corroctod  for  KCF  Na. 
t  C'orrertod  for  ECF  Na. 

^  Calrtilated  from  value  obtained  on  F.F.  dry  solid. 
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Table  4.  %  ok  variations  and  p  vai.i  es  as  compared  with  normal  controls 


Na 

K 

Ca* 

Cl 

P 

COa- 

Plasma 

Adrcnalertoinv 

‘  Vf 

-7.43 

+58.8 

-3.35 

-8.1 

+36 

P 

<0.(K)1 

<0.(KI1 

.NS 

<0.(K)1 

Prednisolone 

% 

(1 

-5.12 

-9.5 

-3.2 

-12.4 

P 

NS 

.NS 

<0.05>0.02 

<0.01 

<0.05  >0.02 

ECF 

Adrenaleetoiiiv 

% 

-6.9 

+53.8 

-8.7 

-8.3 

+39.3 

p 

<n.(Kn 

<0.fH)l 

<0. 1  >0.05 

<0.(K)1 

<0.(H)1 

Prednisolone 

% 

+0.7 

-5.12 

-16.8 

-5.8 

-10 

P 

NS 

NS 

<0.01  >0.(H)1 

<0.1  >0.05 

<0.05  >0.02 

Bone 

Adrenaleetoiiiv 

C7^ 

-5.6 

+4.3 

+2.8 

-1.2 

+3.4 

+8.5 

P 

<0.(K)1 

NS 

NS 

NS 

NS 

<0.01  >0.(K)1 

Prednisolone 

-0.3 

-13.6 

+3.4 

+3.0 

+2.9 

+2.1 

p 

NS 

NS 

<0.01 

NS 

NS 

NS., 

*  In  plasma:  total  C'a. 
In  KCF:  ionized  Ca. 


adults  weighing  about  :i00  gm.  Measurements  of  bone  calcium  were  made 
at  the  same  time.  The  purpose  was  to  ascertain  whether  the  changes  ob¬ 
served  following  prednisolone  administration  were  .similar  to  tho.se  re¬ 
ported  in  young  rats  by  Follis  (IS)  using  cortisone  and  whether  there  was 
any  morphological  eijuivalent  of  the  chemical  findings  of  increased  bone 
calcium  concentration.  The  histological  changes  ob.served  in  the  young 
rats  treated  with  predni.solone  were  .similar  to  the  observations  of  Follis. 
The  growth  cartilage  was  markedly  thinned  and  appeared  to  be  heavily 
calcified.  The  primary  spongiosa  consisted  of  a  dense  network  of  thick 
trabeculae  (Figs.  1  and  2).  Osteoclasts  were  sparse.  In  the  .300  gm  rats 
treated  with  prednisolone,  thinning  of  the  growth  cartilage  was  not  obvi¬ 
ous,  but  the  changes  in  the  primary  spongiosa  were  apparent,  although  to 
a  le.sser  degree  than  in  the  younger  animals  (Figs.  .3  and  4). 

Table  o  sliows  that  the  bone  calcium  concentration  of  the  young  steroid- 
treated  animals  was  increa.sed  10.3%,  while  in  the  treated  adults  a  3.4% 
rise  was  found  when  compared  with  their  respective  controls.  Thus  there 
was  a  parallel  between  the  chemical  and  morphological  findings,  the  most 
marked  changes  being  seen  in  younger  animals. 

Table  5 


Young  .\nimals  Adult  .\niinals 

Bone  Ca  Morphological  Bone  Ca  Morphological 

niM/Kg.  .\sh  Changes  niM/Kg.  .\sh  Changes 


Control 
Prednisolone 
%  increase 


8,565 

51,225 

10.5% 


0 


8,516 
8,. 5515 
5.4% 


0 

-h-h 
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Fig.  1.  (left)  Untreated  control  rat  (100  Km.);  proximal  tibial  epiphysis.  .Mdidivde — 
fuchsin,  Oranse  (1.,  XIOO. 

Fig.  2.  (right)  Prednisolone-treated  rat  (100  gm.):  proximal  tibial  eiiiphysis.  Note 
marked  thinning  of  epiphyseal  cartilage,  and  note  the  jirimary  spongiosa,  which  con¬ 
sists  of  a  dense  and  extensive  network  of  thick  trabeculae,  (ef.  Fig.  1)  (.\ldehydc — 
fuchsin,  Orange  (1.,  XIOO.) 


DISCUSSION' 

The  changes  ob.served  in  plasma  and  hone  of  adrenalectomized  animals 
are  consistent  with  the  concept  that  the  distribution  of  sodium  and  calcium 
between  extracellular  fluid  and  bone  follow  the  physicochemical  laws  of 
solubility  applicable  to  a  two  phase  system  of  fluid  and  solid.  The  general 
depletion  of  body  sodium  which  occurred  was  reflected  by  a  5.(5%  decrease 
in  bone  sodium  concentration.  The  lack  of  ihange  in  plasma  and  bone  so¬ 
dium  of  steroid  treated  animals  can  also  be  fitted  into  this  concept.  In  con¬ 
trast,  the  changes  in  plasma  and  bone  calcium  seen  in  the  steroid  treated 


^  t  * 

Fig.  3.  (left)  Prednisolone-treated  rat  (300  gin.):  jiroximal  tihial  epiphysis.  The 
growth  eartilage  is  not  obviously  thinned,  (ef.  h’ig.  4:  untreated  control)  but  the  iiri- 
inary  spongiosa  shows  changes  similar  to  those  seen  in  the  younger  (100  gm.)  rats,  but 
to  a  le.sser  degree,  (cf.  Fig.  2)  (.\ldehyde — fuchsin,  Orange  G.,  XIOO.) 

Fig.  4.  (right)  Fntreated  control  rat  (300  gm.) ;  proximal  tibial  epiphysis.  (.Vldehyde — 
fuchsin,  Orange  («.,  XIOO.) 


frroup  cannot  Ite  accounted  for  by  .such  a  simple  two  phase  ecpiilibrium. 
There  was  a  significantly  higher  bone  calcium  concentration  in  these  ani¬ 
mals,  despite  a  16.S%  decrease  in  the  calcium  concentration  of  the  extra¬ 
cellular  fluid. 

It  is  therefore  apparent  that  treatment  with  Prednisolone  produced  a 
situation  which  was  by  no  means  the  opposite  of  adrenalectomy.  Instead 
it  was  (juite  comparable  to  a  state  of  hypoparathyroidism  in  which  hypo¬ 
calcemia  occurs  and  bone  re.sorption  is  thought  to  be  decreased.  In  fact, 
the  morphological  changes  .seen  in  the  bones  of  the.se  animals  were  tho.si 
which  might  be  anticipated  following  parathyroidectomy  (19). 

Thus  it  might  appear  that  Prednisolone  at  this  dose  in  the  rat  interferes 
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witli  tlie  action  of  parathyroid  hormone,  thus  preventing  the  mobilization 
of  calcium  from  bone  to  support  the  supersaturation  of  the  plasma.  If 
prednisolone  enhanced  the  oxidation  of  bone  citrate,  as  is  suggested  by  the 
lemonstration  of  decreased  bone  citrate  following  cortisone  administration 
(20),  less  acid  would  be  available  to  mobilize  calcium  from  the  bone  mineral 
according  to  Neuman’s  hypothesis  and  bone  calcium  would  be  high  as  was 
found  in  these  experiments.  However,  were  this  the  mechanism  involved 
Clark  and  Cleotfroy  should  have  found  an  increased  uptake  of  Ca^’  in  the 
I)ones  of  their  animals  treated  with  Prednisolone,  while,  in  fact,  they  ob¬ 
served  a  decreased  uptake  of  isotope  (11). 

Another  po.ssibility,  which  is  compatible  with  our  findings  and  those 
cited  above,  is  that  the  action  of  Prednisolone  (and  perhaps  other  gluco¬ 
corticoids  as  well)  is  to  reduce  the  permeability  of  the  organic  matrix  of  the 
bone.  Since  bone  crystal  appears  to  be  encased  in  matrix  (21),  any  exchange 
of  ions  between  bone  mineral  and  the  extracellular  fluid  must  depend  on 
diffusion  across  this  organic  phase  and  therefore  on  its  permeability.  A  de¬ 
crease  in  this  permeability  would  produce  a  barrier  to  diffusion  ecpiilibrium 
between  the  cry.stals  of  the  mineral  and  their  hydration  shells  and  the  ex¬ 
tracellular  fluid.  Two  results  would  ensue.  First,  calcium  ions  would  not  be 
able  to  diffu.se  out  into  the  extracellular  fluid  thus  producing  a  relatively 
high  bone  mineral  calcium- concentration,  as  we  have  shown.  Second,  the 
size  of  the  exchangeable  calcium  pool  in  the  body  and  the  uptake  of  Ca^® 
by  bone  would  be  reduced.  Under  these  circumstances,  one  would  expect 
the  specific  activity  of  the  urinary  calcium  to  be  increa.sed  as  well  as  the 
bone  uptake  of  isotope  to  be  decreased,  as  was  the  case  in  Clark  and 
(leoffroy’s  experiments.  The  fact  that  ACTII  and  cortisone  have  been 
shown  to  reduce  the  permeability  of  the  ground  substance  of  connective 
tissue  of  comparable  composition  in  other  areas  of  the  body  by  increasing 
its  polymerization  lends  support  to  this  view  (22). 

It  is  apparent  that  the  data  pre.sented  are  only  sufficient  to  .suggest  and 
not  to  prove  such  a  mechanism.  However,  they  do  demonstrate  that,  under 
certain  conditions,  the  distribution  of  ions  between  bone  mineral  and  ex¬ 
tracellular  fluid  .seems  to  be  predominately  dependent  on  local  factors  in 
the  organic  pha.se  of  bone  which  in  turn  may  be  influenced  by  Prednisolone 
and  perhaps  other  glucocorticoids  as  well. 
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I)K(1{I:ASE  IX  AEROBIC  GLY(X)LYSIS  OF 
ERYTHRO('YTES  FOLLOWING  THE 
(’ONTINUOUS  ADMINISTRATION 
( )F  L-TR 1 1 OD(  )T H YR(  )N  I NE'  ^ 

B.  CALESNICK,  V.  IL  ALTABELLI  and  M.  A.  SPIRTI^S 

Laboratorj!  of  Uutnnn  Phantmcologij,  Hahnemann  Medical  College, 

Pit iladel phia,  Pe n nsglva n ia 

ARSTRAC'l 

Tlio  daily  intravenous  administration  of  L-triiodothyronine,  L-T3  (125 /ig. 
kg.)*  to  rabbits  produced  biphasie  effeets  on  the  aerobic  glycolysis  rate  of 
erythrocytes,  in  vitro.  An  increase  in  the  glycolysis  rate  was  observed  in  24 
hours;  the  increase  reached  a  peak  in  4  days.  Following  this,  the  glycolysis 
rate  fell  off  and  at  21  days,  wluui  toxic  effeets  occurred,  it  was  only  (52%  of 
normal.  The  possibility  that  a  decrease  of  RIK’  glycolysis  rate  might  be  used 
as  a  clinical  laboratory  test  for  thyrotoxieity  must  be  considered. 

IT  IS  well  established  tliat  the  peripheral  cellular  effects  of  the  thyroid 
hormone  cannot  be  demonstrated  in  all  ti.ssues  (1).  In  some  tissues,  such 
as  kidney  and  salivary  gland,  changes  in  anaerobic  glycolysis  measured  in 
vitro  by  the  Warburg  technique  parallel  the  lev'el  of  thyroid  activity  (2-o). 
On  the  other  hand,  no  changes  in  the  anaerobic  glycolysis  have  been  found 
in  the  liver,  spleen,  or  brain  of  hyperthyroid  animals  (2,  o,  6).  No  report 
has  l)een  found  in  the  literature  concerning  the  glycolysis  of  erythrocytes 
in  thyroid  diseases.  In  this  pre.sentation  the  effects  of  L-triiodothyronine 
(l-T3)  on  aerobic  glycolysis  in  mammalian  erythrocytes  was  studied  in 
order  to  determine  the  possibility  of  establishing  a  diagnostic  test  for  eval¬ 
uating  thyroid  activity.  This  compound  was  found  to  produce  a  prolonged 
decrea.se  in  the  gh’colysis  of  HBC  in  rabbits  and  humans.  Only  the  animal 
data  are  pre.sented  in  this  paper. 

MATERIALS  AXD  METHODS 

Fasting  blood  was  collected  with  siliconized  equipment  using  heparin  as  an  anti¬ 
coagulant.  \  red  cell  count,  white  cell  count,  and  a  hematocrit  were  done  on  each 
sample  by  the  usual  clinical  laboratory  methods.  The  samples  were  centrifuged  for  20 
minutes  at  approximately  3000  rpm  in  a  clinical  angle  centrifuge.  The  plasma  was  care¬ 
fully  withdrawn  from  the  tube  and  placed  in  a  second  tube.  The  huffy  coat  of  white 
cells  was  then  aspirated  and  discarded.  The  lower  half  of  the  packed  red  cells  was  then 
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carefully  aspirated  and  added  to  an  e(jual  volume  of  plasma  to  obtain  a  Inunatocrit  of 
50%.  The  white  cell  count  was  then  repeated  on  the  reconstituted  blood.  (Jlucos*'  de¬ 
terminations,  in  duplicate,  were  made  by  the  method  of  Nelson  (7).  Samjjles  were  incu¬ 
bated  in  air  in  a  constant  temperature  water  bath  at  37.5°  C  after  preliminary  experi¬ 
ments  revealed  no  difference  between  the  rates  of  sl.'t'olysis  measured  under  aerobic 
and  anaerobic  conditions.  The  tubes  were  shaken  every  10  minutes  and  alicpiots  were 
withdrawn  at  10  and  70  minutes  for  glucose  analyses.  These  jjericxls  rei)resented  the 
control  and  one  hour  determinations. 

Animals.  \  group  of  31  white  rabbits  (2. 2-2. 5  kg.),  fed  Purina  Rabl)it  Chow  con¬ 
taining  0.25%  iodized  salt  was  used  initially  to  obtain  the  normal  glycolysis  rate  for 
erythrocytes  and  both  protein  bound  and  total  serum  iodine  (8)  levels. 

In  a  pilot  study,  8  of  these  rabbits  then  received  daily  intravenous  doses  of  1 25  /ug  kg. 
of  L-T3  to  determine  the  effects  produced  over  a  period  of  14  days.  The  animals  wen* 
weighed  before  nu'dication  and  blood  studies  were  j)erformed  and  these  i)rocedures  wen- 
repeated  at  the  end  of  this  exj)erimental  jK-riod.  'I'he  solution  used  was  prei)ared  every 
third  day  by  dissolving  5  mg.  of  l-T3  in  1.3  ml.  of  0.01  N  sodium  hydroxide  soltition 
and  diluted  to  a  final  volume  of  10  ml.  with  normal  saline.  The  final  pre|)aration  was 
clear  and  had  an  average  pH  of  9.5.  It  was  kept  refrig(‘rated  at  5°  C. 

Intravenous  doses  of  l-T3  (125  /xR-  kg.)  were  then  administered  daily  to  a  second 
group  of  10  white  rabbits  which  acted  as  their  own  controls.  .Vll  blood  samples  wen- 
obtained  immediately  prior  to  the  administration  of  the  individual  dose  of  this  com¬ 
pound.  The  blood  was  obtained  daily  from  the  left  ventricle  by  cardiac  puncture  for 
the  first  four  days  and  then  weekly  up  to  the  time  the  animals  manifested  signs  of 
thyrotoxicity.  The.se  signs  api)eared  in  19-21  days  in  the  form  of  weight  loss,  sln-dding 
of  hair,  and  hyi)erexcitability. 

Preparation  of  the  blood  samjjles  for  these  studies  was  completed  within  one  hour 
after  drawing  them.  'I'he  glycolysis  rate  is  expn's.sed  as  mg.  glucose  utilized  by  100  ml. 
packed  red  cells  per  hour. 


RESULTS 

The  normal  values  obtained  in  the  rabbits  are  listed  in  Table  1. 

The  re.sults  obtained  in  the  pilot  study  (Table  1)  revealed  a  deerea.sed 
Klyeolysis  rate  of  HBC  and  body  weight.  Total  serum  iodine  increased 
while  serum  PBI  fell  insignificantly. 

As  can  be  seen  in  Fig.  1,  the  daily  administration  of  l-T3  produced  an 


TaBI.E  1.  .\VERAGE  VALVES  OBTAI.XEI)  I.\  NORMAL  ENTREATED  RABBITS  AND  IN 
RABBITS  AFTER  14  DAYS  OK  DAILY  INTRAVENOUS  ADMINIS¬ 
TRATION  OF  I.-TRIIODOTHYIONINE 

Control*  Treated** 


Mean 

±  S.E. 

Mean 

±  S.E. 

Weight  of  .Animals  (kg.) 

2.39 

0.41 

2.0 

0.2 

(ilycolysis  rate  of  RBC  (mg.  glucose  utilized) 
per  100  ml.  packed  cells  per  hour  at  37°  C) 

44.9 

3.0 

,24.0 

4.0 

Serum  PBI  (/ug.  %) 

7 .7 

0.1 

0.4 

0.4 

Serum  total  iodine  (^g.  %) 

14.0 

0.7 

30 . 5 

0.2 

*  31  Untreated  animals. 

**  8  of  the  control  animals. 
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Fig.  1.  In  vitro  studios  conduotod  undor  aorohio  conditions.  Results  obtained  by 
the  daily  intravenous  administration  of  L-triiodothyronine  (125 /ug./kg.). 

increase  in  the  glycolysis  rate  of  HBC  in  24  hours,  followed  by  a  fall  at  4.S 
hours.  During  the  sub.sequent  48  hours  there  was  a  secondary,  statistically 
significant,  ri.se  which  reached  its  maximum  at  4  days.  Following  this,  the 
rate  began  to  decline  and  fell  to  — -45%  of  the  control  value  at  the  end  of 
the  experimental  period.  Xo  statistically  significant  change  was  observed 
in  the  serum  protein  bound  iodine  (Fig.  2).  The  total  .serum  iodine  rose 
slowly  during  the  first  7  (lays  to  reach  a  maximum.  Serum  nonprotein 
bound  iodine  (total  iodine  minus  PHI)  rose  abruptly  during  the  first  .seven 
days  and  continued  to  climb  slowly  thereafter.  There  was  a  lo.ss  of  22% 
in  mean  body  weight  and  a  2.()-fold  increa.se  in  total  serum  iodine  at  the 
end  of  the  experiment. 


UGX 


Fig.  2.  Serum  studies  lii'rformed  on  rabiiits.  The  non-protein  liound  iodine  was 
caleulatf'd  as  the  differenee  between  total  iodine  and  protein  bound  iodine. 
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DISCUSSION 

In  performing  the  present  studies  only  the  free  and  diffusible  sugar  was 
determined.  Since  sugar  passes  through  the  red  cell  surface  by  forming  a 
temporary  complex  with  a  cell-surface  component  (9),  an  interference  with 
the  utilization  of  sugar  may  result  from  inhibition  of  this  transport  mecha¬ 
nism.  It  has  been  reported  that  thyroxine  has  no  effect  on  this  tran.sport 
system  (10).  However,  it  is  po.ssible  that  continued  l-T3  administration 
could  change  the  HBC  surface  permeability,  as  suggested  by  Krmans’ 
work  (11).  It  might  be  postulated  that  cofactors  nece.ssary  for  glucose  me¬ 
tabolism  leak  out  to  a  greater  degree  than  with  normal  cells  and  become  a 
limiting  factor  for  glycolysis.  A  study  of  ATP,  DPX,  and  TPN  leakage 
from  HBC  of  euthyroid  and  dysthyroid  animals  is  therefore  indicated. 

The  fact  that  no  significant  change  was  found  in  serum  PBI  after  injec¬ 
tion  of  L-T3  is  possibly  due  to  two  factors.  First,  l-T3,  like  thyroxin  in  large 
doses  (12),  suppresses  TSH  release  and  therefore  thyroid  hormone  release 
into  the  blood.  Second,  it  is  bound  to  the  red  cells  (13)  and  the  peripheral 
organ  cells  (14)  very  rapidly  and  is  not  added  to  the  mea.surable  serum 
PBI.  Others  have  also  reported  a  failure  of  serum  PBI  to  rise  following  the 
administration  of  l-T3  (1.5). 

The  very  large  increa.se  in  the  “iodine  pool”  could  possibly  be  due  to  the 
biotransformation  of  l-T3.  This  is  suggested  by  the  studies  which  revealed 
a  deiodination  of  this  compound  (1.5)  which  is  then  excreted  as  iodide  (14). 
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C’OMPARISON  OF  IN  VIVO  AND  IN  VITRO  EFFECTS 
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ABSTRACT 

Thyroidoctomizi'd  rats  woro  given  intravenous  injeetions  of  1 5  nig.  of  lalieled 
3,5,3 '-L-triio<iothyronine  after  removal  of  one  kidnev.  The  seeond  kidney  was 
removed  10  minutes  later,  and  Qo,  values  of  slices  from  the  injected  kidney 
were  compared  to  those  of  the  control  kidney  slices  to  whieh  hormone  was  added 
in  vitro.  The  maximum  Qoj  obtainable  with  added  hormone  72  hours  after  re¬ 
moval  of  the  tissue,  with  interim  refrigeration,  was  1.59 +  .17.  The  Q02  of 
sliees  from  the  injected  kidney  at  this  time  was  2.75 +  .11.  Neither  tissue  hor¬ 
mone  concentration  nor  chromatographic  demonstration  of  diffenuit  com¬ 
pounds  explain  the  greater  Q02  from  in  vivo  administration,  whieh  can  be  di¬ 
minished  or  entirely  eliminated  by  removing  the  second  kidney  30  seconds  after 
injeetion  or  by  ligating  hepatic  blood  vessels  prior  to  the  start  of  the  exiieriment. 

The  in  vitro  effects  of  thyroid  hormones  upon  the  oxygen  consumption 
(Q05)  of  slices  of  excised  rat  kidney  have  been  described  by  Rarker 
(1).  We  have  noted  that  thyroid  hormone  induced  delay  in  the  fall  in  Qo, 
which  normally  follows  tissue  removal  is  present  whether  the  hormone 
reaches  the  kidney  slice  by  in  vitro  addition  or  if  it  is  injected  intravenously 
before  excision  of  the  kidney.  When  the  tissue  is  supplied  with  hormone  via 
the  vascular  system,  the  addition  of  more  hormone  in  vitro  produces  a  fur¬ 
ther  effect  on  the  Qoj  (2).  The  present  experiments  were  designed  to  deter¬ 
mine  whether  the  ti.ssue  response  is  similar  if  large  amounts  of  hormone 
are  added  to  the  kidney  slice  in  vitro  or  reach  the  kidnej'  via  the  vascular 
system  prior  to  excision. 


PROCEDURE 

'I'hc  experiments  were  carried  out  as  previously  described  (2).  .\s  a  control,  om*  kid¬ 
ney  was  removed  from  a  thyroidectomized  rat  (average  weight,  300  gm.)  under  ether 
anesthesia;  then  the  hormone  was  injected  into  the  inferior  vena  cava.  Each  rat  received 
15  mg.  of  3,5,3'-L-triiodothyronine*  dissolved  in  .2  N  sodium  hydroxide  and  made  up  to 
a  volume  of  1  ml.  with  .85%  saline.  Tracer  amounts  of  I*’*  labeled  triiodothyronine’ 
were  added  to  the  hormone  prior  to  injection,  and  tissue  radioactivity  was  measured  by 
suspending  the  weighed  sliees  in  eohl  buffer  in  counting  tubes  before  the  initial  transfer 
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to  Warburg  vessels.  The  buffer  contained  .12  M  XaCl,  .003  M  KCl,  .0012  M  ]\IgS04, 
.01 7  M  i),L-alanine  (pH  7.8)  and  .01  M  glucose.  Final  pH  was  7.2.  When  labeled  triiodothy¬ 
ronine  was  added  iti  vitro,  the  slices  were  removed  from  the  vessels  for  counting  after 
70  minutes  at  37®  C,  and  were  then  replaced  in  the  original  vessesl  for  storage  at  4°  C'. 
The  time  intervals  between  injection  of  triiodothyronine  and  removal  of  the  second 
kidney  are  indicated  with  the  individual  experiments. 

Liver  ligation  was  carried  out  by  passing  a  loop  of  heavy  braided  surgical  silk  around 
as  much  of  the  organ  as  possible,  and  drawing  the  loop  tight.  This  ligation  was  done 
before  removal  of  the  control  kidney,  and  compressed  both  the  hepatic  veins  and  intra- 
hepatic  portions  of  the  portal  veins. 

Tissue  extracts  were  made  by  homogenizing  slices  in  cold  absolute  ethanol  and  centri¬ 
fuging  down  the  precipitate.  The  supernatant  fluid  was  concentrated  by  evajmration  in 
air  at  room  temperature  and  applied  to  Whatman  #1  filter  paper,  -\scending  chromato¬ 
grams  were  developed  in  n  butanol-dioxane-ammonium  hydroxide,  butanol  acetic  acid, 
and  tertiary  amyl  alcohol-ammonium  hydroxide  systems  (3).  The  paper  was  air  dried 
and  placed  in  contact  with  “No  Screen”  X-Ray  film  for  the  appropriate  exposure  time. 
T'nlabeled  thyroxine,  triiodothyronine,  diiodotyrosine,  and  potassium  iodide  were  ap¬ 
plied  to  each  chromatogram,  and  their  position  subsequently  located  with  diazotized  sul- 
fanilic  acid  spray  and  palladium  chloride  spray. 

RESULTS 

Maximum  tissue  response  to  in  vitro  hormone  addition 

Hgure  1  show.s  the  effect  upon  the  Qoj  of  rat  kidney  .slices  of  adding  in¬ 
creasing  amounts  of  triiodothyronine  to  the  ve.ssels.  The  mean  of  between 
11  and  28  separate  ve.s.sels  is  represented  by  each  point,  and  the  standard 
deviation  about  the  mean  is  also  shown.  The  Qoj  values  48  hours  and  72 
hours  after  the  .start  of  the  experiment  are  indicated  by  the  open  circles  and 
the  triangles  respectively.  Values  for  the  24-hour  and  immediate  oxygen 
consumption  measurements  are  not  included  because  in  no  instance  do 


Fig.  1.  h^ffcct  of  incro.asing  T3  concentration  in  vitro.  Circles  show  mean  Qo,  values  48 
hours  after  start  of  experiment,  triangles  the  values  after  72  hours.  Standard  deviation 
of  each  value  is  indicated. 
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Fig.  2.  The  mean  Qo^  values  for  slices 
from  control  kidney,  control  kidney  with 
added  triiodothyronine  10  and 

slices  from  the  injected  kidney  are  shown 
as  columns  and  significance  of  the  differ¬ 
ence  in  height  of  the  columns  is  placed 
between  the  columns  being  compared.  Ten 
minute  interval  between  hormone  admin¬ 
istration  and  removal  of  injected  kidney. 

triiodothyronine  effects  sliow  up  prior  to  48  hours  when  large  amounts  of 
liormone  are  used.  It  can  be  .seen  that  there  is  no  significant  increa.se  in  Qo, 
obtained  by  tlie  addition  of  more  tlian  10  /xg.  of  hormone  per  ml.  of  buffer, 
so  that  this  amount  was  routinely  u.sed  in  subsequent  in  vitro  studies. 

Tissue  response  ten  minutes  after  intravenous  hormone  injection 

Figure  2  shows  the  results  obtained  when  the  Qoj  of  slices  of  the  control 
kidney  and  of  control  kidney  with  added  triiodothyronine  are  compared  to 
the  Q02  of  slices  from  the  injected  kidney.  The  probability  values  are  placed 
between  the  columns  which  are  being  compared  stati.stically.  It  can  be  .seen 
that  48  hours  after  the  start  of  the  experiment  there  is  a  much  greater  tissue 
respon.se  to  the  injected  hormone  than  to  the  in  vitro  addition  of  hormone, 
and  that  the  difference  is  even  more  striking  at  72  hours.  Additional  hor¬ 
mone  added  in  vitro  to  the  ve.s.sels  containing  slices  from  the  injected  kid¬ 
ney  produced  no  effect  on  the  Qoj- 

Tissue  response  30  seconds  after  hormone  injection 

In  this  group  of  animals  the  interval  between  injection  and  the  removal 
of  the  injected  kidney  was  shortened  to  80  .seconds.  Figure  3  shows  the  re¬ 
sults  obtained,  with  stati.stical  evaluation.  It  can  be  .seen  that  the  difference 
between  the  Qoj  values  with  triiodothyronine  added  in  vitro  and  injected 
in  vivo  is  no  longer  present.  The  in  vitro  addition  of  triiodothyronine  to 
slices  from  the  injected  kidney  did  not  produce  a  significant  further  in- 
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Fig.  3.  Effect  of  shortening  interval  be¬ 
tween  hormone  injection  and  removal  of 
injected  kidney  to  30  seconds.  For  legend, 
see  Fig.  2. 
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crease  in  Qoj  after  48  hours,  but  when  compared  to  the  control  slices  sus¬ 
pended  in  buffer  containing  triiodothyronine,  10  mK-  per  nil.,  there  was  an 
effect  at  72  hours  significant  at  the  2%  lev  el. 

Tissue  response  to  hormone  after  liver  ligation 

When  all  of  the  hepatic  tissue  that  could  be  conveniently  passed  through 
a  loop  of  braided  silk  was  excluded  from  the  circulation,  the  results,  as  seen 
in  Figure  4,  showed  that  the  difference  between  the  Qo,  of  the  control  kid¬ 
ney  with  added  triiodothyronine,  removed  after  ligation,  and  the  injected 
kidney,  removed  10  minutes  after  triiodothyronine  administration  de- 


10  r/INUTE  INTERVAL.  BETWEEN  IWECTION  AND  REMOVAL 
LIVER  LIGATED  (6  RATS) 


Fig.  4.  10  minute  interval  between  hor¬ 
mone  injection  and  removal  of  injected 
kidney  is  maintained,  but  liver  has  been 
ligated.  For  legend,  see  Fig.  2. 


creased  to  insignificant  levels  after  48  hours,  and  was  significant  at  the  o% 
level  after  72  hours.  In  vitro  addition  of  triiodothyronine  to  slices  of  in¬ 
jected  kidney  produced  a  further  rise  in  Qo^,  which  was  not  significant  when 
compared  to  such  slices  suspended  in  buffer  alone,  but  was  higher  than  the 
Qoj  of  .slices  of  the  control  kidney  plus  in  vitro  triiodothyronine  at  the  1% 
level  of  significance. 

Effect  of  solvent  injection  on  the  tissue  response  to  added  triiodothyronine 

This  proved  to  be  negligible  in  every  instance,  whether  the  liver  was  in¬ 
tact  or  ligated.  Diiodotyro.sine  failed  to  affect  the  Qo,  of  the  kidney  when 
injected  intravenously  in  our  previous  study  (2). 

Concentration  of  labeled  material  in  tissue 

Figure  5  compares  the  concentration  of  labeled  material  in  slices  taken 
from  flasks  to  which  60  /ig.  of  hormone  per  ml.  of  buffer  had  been  added  to 
the  concentration  reached  after  intrav^enous  injection  under  the  different 
experimental  conditions.  It  should  be  noted  that  the  highest  tissue  concen¬ 
tration  is  found  in  slices  made  from  the  kidneys  of  the  rats  with  ligated 
livers.  The  differences  in  height  of  the  columns  are  all  statistically  signifi¬ 
cant. 

Xature  of  the  P^^-containing  compounds  in  tissue 

Chromatographic  examination  was  made  of  ethanol  extracts  from  slices 
of  kidney  subjected  to  the  different  experimental  conditions.  In  all  in- 
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stances  over  7o%  of  the  radioactivity  was  found  in  the  triiodotliyronine 
spot.  There  were  some  spots  wiiich  are  still  unidentified,  most  marked  after 
incubation  for  48  hours.  Triiodothyroacetic  acid  and  iodide  appeared  to  be 
present  on  these  chromatograms,  and  a  spot  was  present  in  the  approxi¬ 
mate  po.sition  of  a  glucuronic  acid  conjugate.  On  the  basis  of  the  chromato¬ 
grams  and  radioautographs,  it  has  not  been  possible  to  distinguish  between 
the  extracts  made  from  tissues  incubated  for  48  hours  with  and  without 
liver  ligation,  nor  did  there  appear  to  be  any  difference  between  extracts 
made  from  kidney  removed  30  seconds  after  injection  and  10  minutes  after 
injection  which  were  extracted  prior  to  incubation. 


Fig.  5.  Concentration  of  labelled  mate-  ^ 
rial  in  tissue  based  upon  measure-  ^ 
ment.  Columns  show  coneentration  of  ^ 
labeled  material  in  slices  of  injected  kid-  ^ 
nej’  prior  to  measurement  of  Qoj.  In  the  ^ 
case  of  added  triiodotlij-ronine,  measure-  2 
ments  are  made  on  slices  removed  from  ° 
vessels  after  70  minutes  in  contact  with  | 
hormone  at  37°  C. 


DISCUSSION 

As  contrasted  to  the  results  of  our  study  using  relatively  low  tissue  tri¬ 
iodothyronine  concentration  (2),  the  present  findings  show  that  if  suffi¬ 
cient  hormone  reaches  the  tissue  via  the  vascular  system,  a  significantly 
greater  Qo^  response  can  be  obtained  than  the  maximum  we  have  observed 
in  vitro.  The  difference  between  the  two  means  of  supplying  the  tissue  with 
hormone  can  either  be  reduced  or  eliminated  by  shortening  the  time  be¬ 
tween  injection  and  removal  of  the  kidney,  or  by  excluding  the  liver  from 
the  circulation. 

The  simplest  explanation  for  the  difference  would  be  that  higher  con¬ 
centrations  of  hormone  are  found  in  tissue  supplied  by  the  vascular  system. 
Figure  o,  however,  shows  that  the  highest  tissue  concentration  is  found 
in  the  group  of  animals  with  ligated  livers,  an  observation  similar  to  that  of 
Hock  and  Bollman  (4)  using  eviscerated  rats.  This  group  of  animals  showed 
a  small  respon.se  to  injected  triiodothyronine.  Furthermore,  the  in  vitro  ad¬ 
dition  of  more  triiodothyronine  to  such  tissues,  perfused  with  hormone  in 
vivo,  did  not  usually  produce  an  increased  Qoj. 

The  experiment  involving  shortening  the  period  between  hormone  in¬ 
jection  and  tissue  removal  and  the  experiment  with  liver  ligation  were  de¬ 
signed  to  test  the  hypothesis  that  some  metabolic  transformation  had  oc¬ 
curred  during  the  ten  minutes  between  hormone  injection  and  removal  of 
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the  second  kidney,  and  tliat  the  liver  was  tlie  principal  site  of  the  transfor¬ 
mation.  Although  the  results  favor  this  hypothesis,  it  should  he  noted  first 
that  the  tissue  I*®'  concentration  is  lower  80  seconds  after  injection  than  10 
minutes  after  injection,  so  that  this  in  itself  might  be  at  least  a  partial  ex¬ 
planation  of  the  difference  in  Qo,  between  these  groups.  In  the  case  of  liver 
ligation,  it  should  also  be  noted  that  this  is  a  procedure  involving  acute 
reduction  in  blood  volume,  with  many  hormonal  and  biochemical  changes, 
and  before  assigning  an  important  role  to  the  liver  in  “activating”  thyroid 
hormone,  further  studies  should  be  carried  out  upon  animals  with  intact 
livers  but  blood  volumes  reduced  by  controlled  hemorrhage.  The  reverse 
experiment,  with  liver  damage  and  normal  blood  volume,  might  also  be 
tested. 

If  a  metabolic  transformation  does  occur,  it  need  not  be  in  the  thyronine 
derivative  itself.  The  possibility  exists  of  some  protein-hormone  combina¬ 
tion  similar  to  that  postulated  for  estrogens  (o).  Our  chromatograms,  which 
resemble  those  obtained  with  in  vitro  hormone  by  Etling  and  Barker  (0), 
could  not  detect  such  a  complex.  Our  finding  of  a  maximum  tissue  response 
to  added  triiodothyronine  (Fig.  1)  is  also  a  confirmation  of  Barker’s  re¬ 
sults  (7). 

Finally,  it  should  be  emphasized  again  that  the  entire  system  under 
study  in  the  present  experiments  is  an  artificial  one  which  measures  the 
effect  of  large  amounts  of  thyroid  hormones  in  preserving  a  failing  system. 
An  actual  increa.se  in  Qo,  above  the  control  level  in  .slices  of  excised  ti.ssue 
produced  by  thyroid  hormones  has  yet  to  be  demonstrated. 
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A  NEW  METHOD  FOR  THE  BIOASSAY  OF  THE 
CALCIUM  MOBILIZING  FRACTION  OF 
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Merck  Institute  for  Therapeutic  Research,  Rahway,  Xew  Jersey 
ABSTRACT 

A  bioassay  for  the  calcium  mobilizing  fraction  of  parathyroid  gland  extract 
has  been  developed  using  intact  rats.  This  assay  is  based  on  the  ability  of  such 
an  extract  to  promote  the  withdrawal  of  radiocalcium  from  the  skeletons  of  rats 
which  had  been  injected  with  radiocalcium  at  least  40  days  before.  This  pro¬ 
cedure  meets  the  requirements  of  a  satisfactory  assay  in  that;  (a)  The  n'sponse 
increases  with  increasing  dose,  (b)  The  response  is  linear  over  a  particular  range 
of  doses  when  expressed  as  log  dose,  (c)  The  variation  among  responses  at  a 
single  dose  level  is  independent  of  the  magnitude  of  the  average  resjjonse  at  that 
dose. 

Using  this  technique  as  little  as  4  units  of  U.S.P.  Parathyroid  Extract 
(Lilly)/100  gm.  body  weight  can  be  detected  in  the  intact  rat.  The  calcium 
mobilizing  fraction  is  effective  in  the  rat  via  the  intravenous,  intraperitoneal 
and  subcutaneous  routes  but  not  b}'  mouth. 

EXTRACTS  of  the  parathyroid  gland  capable  of  raising  the  serum 
calcium  lev^els  in  experimental  animals  have  been  prepared  as  early  as 
1925  (1,  2).  However,  to  date,  an  unequivocally  pure  hormone  has  not 
been  isolated,  although  recently  samples  with  activities  as  high  as  500 
units/mg.  protein  have  been  reported  (3).  A  major  handicap  to  isolation 
of  the  pure  principle  has  been  the  lack  of  a  simple,  rapid  bioassay  proce¬ 
dure.  The  dog  as.say  procedure  (the  standard  U.S.P.  method)  is  time  con¬ 
suming  and  requires  a  large  dog  colony  (4).  The  two  most  commonly  used 
methods  at  present  are  those  of  Munson  (5)  and  Davies  and  Gordon  (6). 
Roth  employ  the  parathyroidectomized  rat  as  the  test  animal.  Although 
parathyroidectomy  in  the  rat  is  not  a  difficult  operation  when  an  electro¬ 
cautery  is  used,  it  does  require  considerable  time  and  .skill.  In  addition,  re¬ 
moval  of  the  parathyroid  glands  results  in  damage  to  the  thyroid  gland, 
the  significance  of  which  is  not  known.  In  one  method  (5)  a  .single  heart 
puncture  is  employed,  whereas  two  are  required  in  the  other  procedure 
(()).  The  heart  punctures  and  the  individual  analytical  calcium  determina¬ 
tions  are  also  time  consuming.  Furthermore,  it  has  been  shown  that  the 
time  of  the  bleeding  is  critical  (7). 

Obviously,  any  procedure  that  does  not  reejuire  parathyroidectomy, 
Roceivpd  July  24,  1959. 
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heart  punctures  and  analytical  calcium  determinations  would  be  of  ad¬ 
vantage  in  routine  testing  of  large  numbers  of  parathyroid  extract  frac¬ 
tions.  In  the  method  to  be  described,  all  of  these  operations  have  been 
eliminated. 

The  direct  action  of  parathyroid  extracts  upon  bone  has  been  amply 
documented  by  many  different  techniques  (8-18).  Singer  and  Armstrong 
(19)  have  shown  that  approximately  52  dajs  after  the  injection  of  radio¬ 
calcium,  the  isotope  is  distributed  almost  entirely  within  the  “stable” 
fraction  of  bone.  Furthermore,  it  has  been  shown  that  parathyroid  extracts 
can  mobilize  this  radiocalcium  from  this  “stable”  bone  fraction  (17,  18). 

The  assay  method  to  be  reported  here  is  based  on  the  ability  of  para¬ 
thyroid  extracts  to  mobilize  radiocalcium  from  “stable”  bone  in  intact  rats. 

MATERIAL  AND  METHODS 

Male  Holtzman  rats  weighing  between  120  and  150  gm.  were  fed  a  calcium-free  diet 
for  3  days.  Each  rat  then  received  100  fic.  of  Ca^®  in  the  form  of  CaCb.  It  was  hoped 
that  by  maintaining  the  rats  on  a  calcium-free  diet  (20),  a  more  uniform  uptake  of  isotope 
by  each  rat  might  be  achieved.  After  injection  of  the  isotope,  the  animals  were  main¬ 
tained  on  a  Purina  chow  diet  for  at  least  45  days.  The  rats  then  received  the  calcium- 
free  diet  for  5  days,  during  which  time  they  were  kept  in  individual  cages.  The  follow¬ 
ing  day,  the  appropriate  dose  of  U.S.P.  Parathyroid  Extract  (Lilly)  was  administered 
to  rats  maintained  in  individual  metabolism  cages  designed  to  separate  urine  from  feces. 
During  the  urine  collection  period,  all  rats  received  10%  glucose  in  their  drinking  water 
to  insure  adequate  urine  volumes.  In  the  experiments  comparing  the  different  routes  of 
administration  of  Lilly  extract  on  urinary  radiocalcium,  individual  urines  were  col¬ 
lected  at  3,  6,  9  and  24  hours.  During  the  development  of  the  assay  and  in  the  assays 
themselves,  individual  24-hour  pre-treatment  and  24-hour  post-treatment  urines  were 
collected. 

In  earlier  experiments,  suitable  aliquots  of  filtered  urine  were  plated  in  stainless  steel 
planchets,  air  dried  overnight,  and  dried  in  an  oven  at  80°  C  for  24  hours.  Samjjles  were 
then  counted  in  a  windowless  counter  long  enough  to  insure  a  statistical  counting  error 
of  not  more  than  +2.5%  and  in  most  cases  not  over  ±1%.  Suitable  corrections  were 
made  for  self  absorption  and  background.  In  later  experiments  the  counting  procedure 
was  changed.  The  calcium  in  an  aliquot  of  urine  was  quantitatively  precipitated  as  the 
oxalate  according  to  the  procedure  of  Lutwak  (21).  It  was  then  dissolved  in  0.3  ml.  of 
dilute  HCl.  Then,  6.0  ml.  of  alcohol  and  13.0  ml.  of  toluene,  which  contained  3%  2,5- 
diphenyloxazole  (DPO),  and  1%  p-Bis-2-(5-phenyloxazole)-benzene  (POPOP),  were 
added  and  the  mixture  was  counted  in  a  Packard  liquid  scintillation  counter. 

RESULTS 

Comparison  of  the  effects  of  Lilly's  Parathyroid  Extract  following  different 
routes  of  administration 

Figure  1  shows  the  amounts  of  radioactive  calcium  excreted  during  eacli 
collection  period,  and  Figure  2  shows  the  cumulative  excretion  of  isotopi' 
throughout  the  24-hour  period.  The  earliest  increase  in  urinary  Ca^“  was 
seen  after  intravenous  injection  where  maximum  excretion  was  reached  at 
about  6  hours  and  then  declined  rapidly.  After  intra peritoneal  injection  an 
increased  excretion  was  also  evident  at  3  hours  but  the  maximum  was  not 
reached  until  about  9  hours,  after  which  time  there  was  a  decline.  After 


c  /  m 


April,  1960 


PARATHYROID  EXTRACTS 


529 


EXCRETION 


Fin.  1.  .\v»'ran<*  urinary  Ca^*  follnwiiiK  tin*  administration  of  I'.S.P.  Paratliyroid 
Extract  (Lilly)  by  different  routes. 


Fig.  2.  .\vorage  cumulative  urinary  following  the  administration  of  U.S.P. 
Parathyroid  Fixtract  (Lilly)  by  different  routes. 
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subcutaneous  injection,  a  significant  increase  was  not  evident  until  tht 
ninth  hour.  The  24  hour  figure  was  even  larger.  However,  since  there  wen 
no  collections  during  the  9-24  hour  period,  the  peak  excretion  was  prob 
ably  between  these  two  times.  Although  a  greater  amount  of  radioactivit} 
was  excreted  after  intraperitoneal  injection,  it  was  found  that  greater  re¬ 
producibility  from  experiment  to  experiment  could  be  obtained  when  tht 
.subcutaneous  route  was  u.sed. 

Ejfect  of  increasing  amounts  of  U.S.P.  Parathyroid  Extract  (Lilly)  upon 
urinary  radiocalcium 

As  can  be  seen  in  Table  1,  increasing  amounts  of  the  extract  resulted  in 
excretion  of  progressively  larger  amounts  of  Ca^^  in  the  urine.  Moreover,  a 


Table  1.  Average  urinary  Ca^‘  following  increasing  doses 
OF  Lilly’s  parathyroid  extract 


Treatment 

No.  of  animals 

.\veragc  total  24-hour  urinary  Ca^‘ 

Pre-treatment 

Post-treatment  | 

Difference 

1 

Controls  i 

0 

13,300 

(Counts/Min.) 

13,000 

-300 

2  Units*/100  gm.,  s.c 

6 

11,300 

26,300 

-1-15,000 

4  Units*/100  gm.,  s.c. 

0 

10,500 

.35,. 300 

-f  24, 800 

8  Unit8*/100  gm.,  s.c. 

0 

12,000 

34,000 

-1-22,000 

1()  Units*/100  gm.,  s.c. 

6 

9,300 

48,500 

-1-39,200 

32  Units*/ 100  gm.,  s.c. 

6 

I  11,300 

61 ,700 

-1-50,400 

48  Ynits*/100  gm.,  s.c. 

6 

10,400 

84,600 

-1-74,200 

*  U.S.P.  Parathyroid  Extract  (Lilly). 


good  respon.se  was  obtained  with  as  little  as  4  units/lOO  gm.  Although  in 
this  and  other  experiments  a  response  was  obtained  with  2  units,  frequently 
there  was  no  detectable  increase  at  this  level. 

Assay  procedure 

It  was  ob.served  that  although  each  rat  originally  received  the  same 
amount  of  Ca^^/100  gm.  body  weight,  after  50  days  the  excretion  of  the 
isotope  by  the  individual  rats  varied.  To  minimize  this  variation  the  radio¬ 
activity  value  of  a  control  24-hour  pre-treatment  urine  was  subtracted 
from  that  of  a  24-hour  post-treatment  urine.  The  difference  between  the 
two  was  taken  as  a  measure  of  hormonal  activity. 

In  the  cour.se  of  preliminary  investigations,  doses  of  2,  4,  8,  16,  32,  and 
64  units/lOO  gm.  body  weight  were  te.sted.  While  the  average  difference  in 
Ca^“  excretion  increa.sed  with  increasing  dose,  it  was  noted  that  the  varia¬ 
tion  among  values  observed  as  a  single  dose  also  increased.  In  fact,  the 
ratio  of  standard  deviation  to  mean  was  approximately  constant.  Since 
this  is  not  a  desirable  condition  for  a  good  assay,  a  transformation  of  tin 
data  was  necessary.  The  use  of  logarithms  was  appropriate  in  this  case 
This  transformation  made  a  section  of  the  log  dose  response  curve  linea’ 
and  it  was  within  this  linear  range  of  values  (8,  16,  and  32  units)  that  fur 
ther  assays  were  performed. 
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Table  2.  Analysis  ok  sixteen  individual  AssAvsf 
(05%  Confidence  Limits) 


.\ssav  No.  ; 

! 

Slope* 

Limits  .\bout 
Slope 

.Assav**  Error 
(S.E.)  ; 

Error/ 

Slope*** 

21 

.98  j 

±  .43 

.20  i 

.21 

22 

.97 

±  .46 

.22  j 

.23 

23  1 

1.16 

±  .45 

.22  1 

.  19 

24  i 

.32 

±  .38 

.18 

.58 

25 

.91 

±  .60 

.29  ! 

.32 

26  i 

.38  1 

±  .57 

.28  1 

.74 

27 

.60  1 

±  .60 

.24 

.41 

28 

.68 

±  .45 

.21 

.31 

-1-29 

.71 

-1-  .40 

.24 

.33 

-I-29S 

.72 

±  .45 

.28 

.39 

-t-30 

:  1.19 

±  .54 

.26 

.22 

-t-30S 

i  1 .03 

±  .51 

.25 

.24 

32 

!  .70 

±  .80 

.39 

1  . 56 

35S 

1  .08 

±  .73 

.35 

1  .32 

36S 

.70 

1  ±.45 

.21 

1  .30 

37S 

.68 

+  .60 

!  .26 

i  .38 

*  Increase  in  the  difference  of  log  counts/min./ 10-fold  increase  in  dose  of  extract. 

**  In  terms  of  log  counts/min.  (for  total  24-hour  urinary  radiocalcium  excretion). 

***  Error/Slope  =  Index  of  Precision. 

-f-  =These  assays  were  excluded  from  the  analysis  of  variance  in  Table  3,  .since  9  animals 
were  used  instead  of  the  usual  6/dose  level  of  extract. 

t  Three  dose  levels  of  standards — 8,  16,  and  32  units — were  used  in  all  assays. 


A  series  of  16  assays  have  been  analyzed.  In  5  of  these,  radioactivity 
determinations  were  made  with  the  windowless  gas  counter.  In  the  other 
11,  the  scintillation  counter  was  used.  The  analysis  of  complete  individual 
assays  is  seen  in  Table  2,  and  of  12  combined  assays  in  Table  8.  In  all  the 
assays  three  dose  levels  of  standard  were  used. 

DISCUSSION 

Ideally,  only  the  regre.ssion  component  of  variation  should  be  significant 
(and  highly  so)  for  a  good  a.ssay,  and  this  is  the  ca.se  here  (Table  8).  In 
addition,  both  the  method  and  assay  components  are  significant.  In  the 
analysis  of  the  16  experiments,  the  combined  slope  =0.82,  the  combined 
error  =0.25  and  the  index  of  precision  =0.88.  This  index  of  precision  is  not 
greatly  different  from  that  (0.27)  reported  by  Munson  (5). 

Although  no  estimation  of  error  would  be  possible,  the  analy.ses  of  pooled 
urines  would  be  adequate  for  a  rough  estimation  of  potencies  of  extracts. 


Table  3.  .\nalysis  ok  variance  ok  loo  counts/min.  in  twelve  assays 


Nature  of  Variation 

Degrees  of  Freedom 

Mean  Sipiare 

Methods  (of  counting) 

1  1 

42.607* 

Assavs 

11  1 

1.273* 

Regression 

1 

9.423* 

(Quadratic 

1 

.006 

Regression  X  Assays 

II 

1  .095 

(Quadratic  X  Assavs 

1  11 

.085 

Regression  X  Method 

i  1 

>  .008 

Quadratic  X  Method 

1 

1  .015 

Error 

176 

.071 

*  Significant  at  <0.1%  probability  level. 
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In  addition,  the  analyse.'^  of  post-treatment  urines  are  useful  for  (jualitative 
and  rough  (juantitative  estimations  (Table  1). 

An  assay  using  this  procedure  of  some  material  isolated  from  bovine 
parathyroid  gland  by  E.  Hickes  of  Merck  &  Co.,  gave  a  value  of  18  units 
mg.  The  same  material  which  was  kindly  assayed  by  Dr.  P.  L.  Munson  of 
the  Harvard  School  of  Dental  Medicine  using  his  established  procedure 
(5)  gave  a  value  of  17.2  units/mg.  Although  no  conclusions  may  be  drawn 
from  this  single  comparison,  it  is  interesting  that  the  potency  of  an  extract 
measured  by  two  different  methods  is  in  such  good  agreement. 

The  use  of  intact  rats  and  the  simplicity  of  radioactivity  determinations 
using  an  automatic  sample  changer  appear  to  offer  some  advantages  over 
current  methods  for  bioassay  of  parathyroid  extracts.  In  addition,  the  24- 
hour  urine  sample  reflects  changes  in  serum  values  and  avoids  the  possi¬ 
bility  of  missing  a  peak  increment  in  the  serum  calcium  value.  A  disadvan¬ 
tage  of  this  method  is  the  necessity  of  housing  isotopically  labeled  rats  for 
oO  days  before  using  them  for  assay  purposes.  Howev'er,  if  space  is  available, 
this  poses  no  problem. 
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CORTISONE  INDUCED  MODIFK’ATIONS  IN  THE 
DEVELOPMENT  OF  THE  CHICK  EMBRYO^ 

MALKA  H.  MOSCONA-’  and  DAVID  A.  KARNOFSKY 

Embryology  Section,  Division  of  Experimental  Chemotherapy 
Sloan- Kettering  Institute  for  Cancer  Research,  Xeic  York 

ABSTRACT 

SiiiRle  (loses  of  cortisone  acetate,  applied  to  the  allantoic  vesicle  or  chorioal¬ 
lantoic  membrane  of  the  chick  embryo,  on  the  Srd  to  8th  day  of  incubation  pro¬ 
duce  a  variety  of  disturbances  in  the  embryo  depending  on  the  dosage  and  the 
time  of  injection.  Cortisone  is  relatively  more  toxie  to  the  early  embryo,  and  in 
those  that  survive,  weight  inhibition,  defects  in  the  facial  bones  and  tibia,  and 
exteriorized  viscera  occur.  In  embryos  treated  at  a  later  stage,  weight  inhibi¬ 
tion  is  more  severe,  but  the  defects  in  the  facial  bones  arc  no  longer  present, 
feather  inhibition  is  marked,  and  there  are  major  disturbances  in  osseous  d('- 
velopment.  The  susceptibility  of  various  organs  in  the  chick  embryo  to  corti¬ 
sone  is  specific,  and  varies  with  their  stage  of  development. 

IT  HAS  been  found  that  various  adrenocortical  hormones,  when  injected 
into  the  yolk  sac,  inhibited  the  growth  of  the  chick  embryo  (1-8).  When 
cortisone  acetate  was  injected,  in  large  doses,  into  the  yolk  sac  at  4  days  of 
incubation,  it  caused,  in  addition  to  dwarfing,  various  developmental  de¬ 
fects  involving  the  eyes,  feathers  and  skeletal  system  (2).  The  injection  of 
cortisone  onto  the  chorioallantoic  membrane  at  8  days  produced  terato¬ 
genic  effects  similar  to  tho.se  caused  by  j  olk  sac  injection,  but  bj*  the  former 
route  the  steroid  was  about  3  times  more  active  by  weight.  Cortisone,  ap¬ 
plied  to  the  embryonic  membrane  at  4  days,  was  considerably  more  toxic, 
but  in  the  surviving  embryos  some  evidences  of  the  cortisone  effect  were 
found.  The  accumulated  data  suggested  that  the  “cortisone  effect”  on  the 
embryo,  in  terms  of  growth  inhibition  and  developmental  defects,  was 
initiated  in  its  conspicuous  form  on  the  8-lOth  day  of  development  irre¬ 
spective  of  when  the  drug  was  administered  before  this  (2).  There  were  sug¬ 
gestions,  however,  that  cortisone  also  caused  less  severe,  but  definite  effects 
when  given  earlier  in  development. 

The  production  of  developmental  disturbances  by  cortisone  in  relation 
to  the  normal  morphogenetic  processes  going  on  in  the  affected  organs  at 
the  time  of  treatment  has  not  been  studied  previously.  In  this  study,  an 

R('C('iv(‘(l  .July  27,  1959. 

*  This  iiivc'stigation  was  supj)()rt(‘(l,  in  part,  by  grants  from  the  American  Cancer 
Society,  the  .\lbert  and  Mary  Lasker  Foundation,  and  the  National  Institutes  of  Health, 
I’ublic  Health  Service. 

*  Present  address:  Universit}’  of  ('hicago.  Department  of  Zoology,  C'hicago,  Illinois. 
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attempt  has  I)een  made  to  correlate  the  stage  of  embryonic  development 
at  the  time  of  cortisone  treatment  with  the  resulting  pattern  of  abnormal¬ 
ities.  A  close  study  of  the  developmental  events  involved  in  the  occurrence 
of  the  cortisone-induced  defects  may  contribute  to  our  knowledge  of  nor¬ 
mal  developmental  mechanisms  as  well  as  the  locus  of  action  of  cortisone. 

MATERI.\LS  .\ND  METHODS 

Application  of  cortisone  acetate.  Fertile  white  Leghorn  eggs,  obtained  from  a  eom- 
niercial  sonree,  were  incubated  at  38°  C.  Cortisone  acetate  was  available  in  an  aqueous 
suspension  (containing  0.9%  benzyl  alcohol  as  a  preservative)  in  a  concentration  of 
25  mg./ 1  cc.  This  stock  suspension  was  suitably  diluted  with  saline  to  obtain  the  desir¬ 
ed  concentration  of  cortisone.®  The  hormone  was  applied  through  a  small  window  cut 
in  the  shell  over  the  embryo.  On  the  3rd  and  4th  day,  cortisone  was  dropped  on  the 
allantoic  vesicle.  .\t  later  stages  cortisone  was  applied  to  the  chorioallantoic  membrane 
The  usual  volume  applied  was  0.1  cc.  The  opening  in  the  shell  was  .sealed  with 
scotch  tape. 

METHODS  OF  OBSERVATION’: 

Gross  examination.  From  each  batch  of  eggs,  prior  to  treatment,  10  embryos  were 
sacrificed  and  their  developmental  stages  established  according  to  Hamburger  and 
Hamilton  (9).  During  the  e.xperiments  the  eggs  were  candled  daily  and  deaths  recorded. 
Embryos  were  sacrificed  at  regular  intervals  till  the  18th  day  of  development. 

The  sacrificed  embryos  were  first  weighed  and  examined  grossly  for  external  ab¬ 
normalities.  Embryos  from  14  days  on  were  staged  for  “cortisone  effects”  according 
to  the  method  described  by  Karnofsky,  et  al.  (2).  Embryos  graded  as  4-|-  had  most  of 
the  characteristic  effects  caused  by  cortisone. 

Special  preparations.  Most  of  the  examined  embryos  were  fixed  and  stored  in  10% 
neutral  formalin  for  furtlu'r  examination.  .V  few  were  fixed  in  95%  alcohol  to  enable 
clearing  and  bone  staining. 

In  two  experiments  femurs  were  dis.sected  out,  measured,  and  then  fixed  in  Zenker’s 
acid  solution  for  histologic  examination.  The  following  methods  were  used  for  staining 
the  skeleton. 

Hone  stain.  Embryos  were  fixed  in  95%  alcohol  and  transferred  to  acetone  to  extract 
the  fat.  They  were  cleared  in  2%  KOH  and  stained  in  alizarin  red.  .\fter  staining  the 
embryos  were  passed  through  rising  concentrations  of  glycerin  in  water  and  stored  in 
glycerin. 

Cartilage  stain.  Embryos  were  fixed  in  10%  neutral  formalin  for  24  hours.  They 
were  then  transferred  to  acid  alcohol  for  2  days,  and  then  stained  in  1%  methylene 
blue  in  acid  alcohol,  .\fter  destaining  of  the  soft  tissues  in  acid  alcohol  the  embrj  os  were 
dehydrated,  cleared  in  benzene  and  stored  in  methyl  .salicylate. 

Skin  whole-mounts.  Embryos  were  fixed  in  formalin  for  48  hours.  The  skin  was  re¬ 
moved,  stained  in  very  dilute  aqueous  hematoxylin,  dehydrated,  cleared  in  xylene  and 
mounted  in  a  mounting  medium. 

Histology.  Tissues  for  histologic  examination  were  fixed  in  Zenker’s  acid  solution. 
Serial  sections  were  made  at  8  microns  thickness.  Most  of  these  were  stained  in  Pihrlich 
hematoxylin  and  Biebrich  scarlet. 

RESULTS 

Dosage  and  toxicity.  The  dose  of  cortisone  tolerated  by  embryos  increased 
with  their  age  at  the  time  of  injection.  The  overall  mortality  percentage 

®  Cortisone  acetate  will  be  referred  to  as  cortisone  in  this  report. 


April,  1960 


CORTISONE  INDUCED  EFFECTS 


535 


Table  1.  Moktality  pattern  ok  200  chick  embryos  treated  with  2  mo. 


CORTISONE  ACETATE,  APPLIED 

4th  day 

TO  THE  ALLANTOIC  VESICLE 

OF  INCUBATION 

1  ON 

THE 

.■\ge  of  embryo 

(dayi 

s)  from  onset  of 

incubation 

0  7 

8 

0 

10 

1 1 

12 

i:{ 

No.  Surviving  Embrvos 

200  107 

_ _ 

108 

104 

40 

24 

17 
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(10  days  after  treatment)  of  emliryos  injected  witli  2  mg.  egg  on  the  all 
lantoic  vesicle  at  4  days  was  about  90  to  95%.  It  gradually  decreased  unti- 
it  reached  24  %  when  injected  on  the  8th  day  CAM. 

The  high  mortality  among  embryos  injected  at  4  days  could  not  be  at¬ 
tributed  to  an  acute  lethal  effect  of  the  drug,  since  deaths  occurred  at  peak 
periods  on  the  7th,  10th  and  11th  days  of  incubation  (3  and  0-7  days  after 
injection)  (Table  1).  Table  2  summarizes  the  mortality  figures  (up  to  the 
14th  day  of  incubation)  when  single  doses  of  1.0  and  1.5  mg.  were  given  to 
gi  oups  of  embryos  at  3-8  days  of  incubation. 

Description  of  abnormalities.  The  abnormalities  which  resulted  from 
treatment  of  embryos  with  cortisone  varied  with  the  age  of  the  embryos  at 
the  time  of  treatment.  Consequently,  two  separate  “syndromes”  could  be 
distinguished:  syndrome  I  was  characteristic  of  emliryos  treated  at  3-5 
days  of  incubation;  syndrome  II  occurred  in  embryos  treated  on  the  6th- 
10th  day,  although  occasionally  embryos  treated  earlier  showed  some  of  its 
signs.  There  was  thus  an  overlapping  between  the  various  manifestations 


Table  2.  Effects  of  single  doses  of  cortisone  acetate,  1.0  and  1.5  .mg. /egg, 

APPLIED  TO  THE  ALLANTOIC  VESICLE  OR  CAM,  AT  TO  8  DAYS  OF  INCU¬ 
BATION,  ON  E.MBRYONIC  MORTALITY  AND  DEVELOPMENT 
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of  these  syndromes,  yet  the  abnormalities  could  readily  be  grouped  into 
these  two  categories  and  will  be  described  accordingly.  (F'ig.  1) 

Syndrome  I  (embryos  treated  at  3-5  days).  Embryos  treated  with  corti¬ 
sone  during  this  period  of  dev’elopment,  when  examined  on  the  14th-18th 
daj',  proved  to  be  smaller  in  size  and  lower  in  weight  than  controls  (Figs. 
2,  4).  As  shown  before  (2),  this  inhibition  was  not  as  severe  as  that  pro- 


Fig.  1.  The  inc’ulenoe  of  malformations 
among  embryos  surviving  14  days  or 
longer  after  single  doses  of  eortisone  ace¬ 
tate,  1  mg. /egg,  applied  to  the  allantoic 
vesicle  or  CAM  at  3  to  9  days  of  incuba¬ 
tion. 


duced  when  the  same  dose  was  applied  on  the  8th  day  (Fig.  5).  The 
morphological  defects  comprising  this  syndrome  affected  the  beak,  the  ex¬ 
tremities  and  the  ventral  body  wall. 

Beak  malformations.  The  beak  malformations  were  facial  coloboma  com¬ 
bined  with  cleft  palate  and  occasionally  a  slightly  shortened  lower  beak 
(Figs.  9,  14).  In  most  of  the  ca.ses  the  coloboma  was  bilateral,  but  occa¬ 
sionally  a  unilateral  coloboma,  combined  with  a  cleft  palate  was  observed; 
in  such  cases  the  beak  was  crossed  towards  the  colobomatous  side.  These 
defects  were  brought  about  by  changes  in  size,  shape  and  orientation  of 
several  membranous  bones  of  the  upper  beak,  as  may  be  seen  in  P4gures  9, 
11  and  14.  The  premaxillae  (PM)  developed  in  their  appropriate  position 
but  their  lateral  extensions  were  considerably  shortened.  The  maxillae  (M) 
formed  in  a  position  posterior  to  that  which  they  normally  assume;  they 
were  smaller  and  their  anterior  extensions  were  missing;  there  was  thus  no 
continuity  and  contact  between  the  premaxillae  and  the  maxillae  and  they 
were  separated  by  a  gap.  The  nasal  bones  (N)  (Fig.  14),  which  normally 
curve  anteriorly,  curved  here  in  a  posterior  direction  to  join  the  reduced 
and  displaced  maxillae.  The  palatal  bones  (P)  were  considerably  shortened 
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and  flattened  and,  instead  of  extending  anteriorly  to  join  the  premaxillae, 
they  were  directed  sideways  and  met  the  maxillae  (Fig.  11). 

The  incidence  of  facial  coloboma  and  cleft  palate  depended  on  the  de¬ 
velopmental  stage  of  the  embryos  treated  and  the  dosages  applied  (Table 
2,  P^ig.  1).  With  all  the  effective  dosages,  the  peak  incidence  of  these  mal¬ 
formations  (50%)  was  found  in  embryos  which  had  been  treated  at  4  days 

A/EftAGE  BODY  WEIGHT, 
SURVIVING  EMBRYOS 

22 
20 
18 
16 
14 

Fig.  2.  The  effects  of  cortisone  acetate  on  the  weight 
of  cliick  embryos.  Cortisone  acetate,  2  mg. /egg,  was  12 

given  to  one  group  on  tlie  4th  day  and  another  on  tiie  8th  6MS. 
day  of  incubation.  Embryos  were  saerified  on  the  8th  day  10 

and  at  various  periods  thereafter. 

8 
6 
4 

2 
0 

8  12  16 
DAYS  OF  INCUBATION 

of  development  with  2  mg./egg  of  cortisone.  They  were  not  observed  in 
embryos  treated  after  the  5th  day  of  development. 

Thv  extremities  did  not  show  any  outwardly  apparent  changes.  However, 
in  12-day  embryos  stained  with  methy  lene  blue  for  cartilage  at  12  days,  the 
humerus  and  the  femur  were  found  to  be  freiiuently  disproportionately 
shortened,  typicall}’  bent  and  carried  a  median  protuberance  (Fig.  17). 
These  defects  occurred  usually  in  embryos  which  also  showed  beak  mal¬ 
formations.  Their  incidence  was  not  established. 

The  ventral  body  wall  was  markedly  affected  in  a  large  proportion  of  the 
treated  embryos.  The  most  readily  noticeable  abnormality  was  a  defective 
closure  of  the  body  wall  with  the  resulting  exterioration  of  the  viscera.  The 
incidence  of  this  malformation  is  shown  in  Table  2  and  Figure  1.  This  de¬ 
fect  occurred  in  both  syndromes.  The  results  presented  in  Table  2  refer  to 
material  examined  on  the  14th  day  of  incubation;  however,  the  defect  per- 
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sisted  in  later  development  and  was  found  in  18-day  embryos  (Figs.  4,  5). 
There  was  also  a  remarkable  interference  with  the  development  of  the 
sternum,  presumably  due  to  failure  of  closure  of  the  ventral  body  wall. 
These  changes  will  be  discussed  in  more  detail  in  connection  with  svndrome 
II. 

Syndrome  II  (Embryos  treated  5-8  days  of  development).  The  embryos 
showing  this  syndrome  were  consistently  dwarfed  more  severely  than  those 
with  syndrome  I.  Growth  retardation  was  directly  related  to  the  severity 
of  the  other  morphological  disturbances,  and  the  various  external  body 
regions  were  proportionately  affected  with  the  exception  of  the  eyes  (Fig. 
4).  The  morphological  defects  typical  of  syndrome  II  were  found  in  the 
ventral  body  wall,  the  eyes,  the  integument  and  its  derivatives,  the  beak 
and  the  skeleton. 

Ventral  body  wall.  As  noted  in  connection  with  syndrome  I,  the  most 
conspicuous  abnormality  affecting  this  part  of  the  body  was  the  defective 
closure,  which  resulted  in  an  exterioration  of  the  viscera.  Depending  upon 
the  age  of  the  embryo  when  cortisone  was  administered,  closure  was  either 
partially  or  almost  completely  prevented. 

During  the  7th  and  the  8th  day  of  normal  development,  the  ventral 
body  wall  closes  in  an  anterio-posterior  direction  and  in  most  embryos  it  is 
found  closed  by  the  end  of  the  8th  day,  except  for  the  umbilical  area.  In 
embryos  treated  on  the  8th  day  of  incubation,  clo.sure  took  place  in  the 


3.  Normal  18-day  chick  embryo. 

4.  Eighteen  day  chick  embryo,  treated  at  4  days  with  2  mg.  cortisone  acetate  applied 
to  the  allantoic  vesicle.  The  embryo  is  moderately  stunted.  The  head  shows  a  facial 
coloboma,  visible  grossly  as  a  defect  in  the  upper  beak.  Feather  develoj)ment  is 
within  normal  limits.  The  viscera  are  exteriorized. 

5.  Eighteen  day  chick  embrj’o,  treated  at  8  days  with  2  mg.  cortisone  acetate  applied 
to  the  CAM.  This  is  a  stage  IV  “cortisone  effect.”  The  embryo  is  severely  stunted; 
there  is  marked  inhibition  of  feather  development;  the  eyes  are  disproportionately 
large;  there  are  no  scales;  the  toes  are  shortened  and  the  beak  is  small.  The  viscera 
are  exteriorized. 

fi.  Alizarin  stained  cleared  skeleton  of  normal  18-day  chick  embryo. 

7.  .\lizarin  stained,  clearned  skeleton  of  18-day  chick  embryo,  treated  at  8  days  with 
2  mg.  cortisone  acetate.  Ossification  is  retarded;  the  membranous  bones  of  the  roof 
of  the  head  did  not  form;  the  posterior  part  of  the  vertebral  column  did  not  ossify 
and  the  anterior  part  is  only  partially  ossified,  and  the  distal  phalanges  are  missing. 

8.  Cleared  skeleton  of  18-day  chick  embr3  0,  treated  with  2  mg.  cortisone  acetate  at 
8  daj’s  of  incubation.  The  feathers  are  verv*  small  and  their  distribution  typical  of 
stage  IV  “cortisone  effect”  (Fig.  5). 

9.  .Vlizarin  stained,  cleared  skeleton  of  an  18-day  chick  embrj’o,  treated  at  4  daj  s  with 
2  mg.  cortisone  acetate  applied  to  allantoic  vesicle.  There  is  a  facial  coloboma  and  a 
defect  of  the  palate;  the  femur  is  relativeh'  shortened  as  compared  to  the  tibia;  but 
otherwise  the  skeleton  appears  to  be  within  normal  limits. 
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thoracic  region  while  most  of  the  abdominal  wall  remained  open  and  the 
abdominal  viscera  were  exteriorized.  When  cortisone  was  administeretl  to 
0-  or  7-day  emliryos  the  closure  of  the  ventral  body  wall  was  entirely  pre¬ 
vented:  from  the  coracoid  area  down,  the  visceral  cavity  remained  open 
and  the  thoracic  and  abdominal  viscera  developed  outside. 

The  incidence  of  exteriorized  viscera  caused  by  a  single  dose  of  cortisone, 
applied  between  .3  and  8  days  of  incubation  is  summarized  in  Figure  1  and 
Table  2.  The  maximal  incidence  of  this  defect  (81%  of  the  surviving  em¬ 
bryos,  examined  on  the  14th  day)  and  its  severest  forms  occurred  in  em¬ 
bryos  treated  at  6  days  of  incubation.  Defective  closure  of  the  ventral  body 
wall  and  exteriorized  viscera  were  characteristic  of  both  syndromes  and  a 
high  incidence  of  these  malformations  occurred  at  the  period  during  which 
the  two  syndromes  overlapped.  However,  as  the  extremes  of  incidence  and 
severity  occurred  in  embryos  treated  at  6-7  days  of  development,  these 
defects  should  be  considered  as  more  characteristic  of  syndrome  II. 

Eyes.  In  contrast  with  the  general  dwarfing  of  cortisone  treated  embryos, 
the  eyeballs  continued  to  grow.  Thus,  in  14-  to  18-da3'  cortisone  treated  em¬ 
bryos  the  eyes  were  disproportionately  large,  bulging  grotesquely  from  the 
sides  of  the  head  (Fig.  5).  In  many  of  the  severely  affected  embryos  the 
eyelids  and  the  nictitating  membrane  failed  to  develop,  partially  or  en¬ 
tirely.  The  most  complete  failure  of  eyelid  development  occurred  in  em¬ 
bryos  which  received  cortisone  at  6  days  of  incubation.  Treatment  in  later 
stages  resulted  in  lesser  inhibition. 

According  to  Hamburger  and  Hamilton  (9)  the  eyelids  in  the  chick  em¬ 
bryo  begin  to  develop  on  the  7th  day  as  folds  of  the  integument  around  the 
eyes.  The  effect  of  cortisone  seemed  correlated  with  the  degree  of  eyelid 
development  at  the  time  of  treatment.  Thus,  in  embryos  treated  on  the  6th 
day,  the  formation  of  the  initial  folds  was  completely  inhibited.  In  8-day 
embryos  eyelid  development  was  stopped  by  cortisone  at  the  stage  reached 
at  the  time  of  treatment. 

The  integument  and  its  derivatives.  The  skin  of  freshly  sacrificed  cortisone 
treated  embryos  had  a  pale,  yellowish  appearance  and  it  was  frequently 
severely  edematous.  The  most  conspicuous  changes  in  the  integument  of 
such  embryos  were  inhibition  and  aberrations  of  the  development  of 
feathers,  scales  and  claws. 

The  inhibition  of  feather  development  in  embryos  showing  syndrome  11 
ranged  from  a  complete  absence  of  plumage  to  the  presence  of  retarded  and 
aberrant  feathers  in  certain  areas  of  the  skin  (Figs.  5,  8).  There  was  a  cor¬ 
relation  between  the  severity  of  feather  inhibition  and  the  age  of  the  em¬ 
bryo  at  the  time  of  treatment  with  cortisone.  This  correlation  was  clearly 
evident  when  the  dorsal  feather  tracts  of  embryos  treated  at  6,  7  and  8  days 
of  development  were  compared  on  the  14th  day  of  incubation.  Most  of  the 
affected  survivors  treated  at  6  days  of  development  with  1.5  mg./egg  of 
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cortisone  showed  a  complete  absence  of  feathers  on  tlie  back.  In  the  re¬ 
mainder  there  was  some  development  of  scattered  feathers  in  this  area, 
hmibryos  treated  at  7  days  had  2-7  rows  of  small  and  deformed  feathers  on 
each  side  of  the  mid-dorsal  line.  Their  pattern  of  distribution  resembled 
closely  that  of  the  dorsal  feather  primordia  in  the  normal  7-day  embryo 
(stage  30-31)  (9).  In  embryos  treated  at  8  days,  a  greater  number  of  dorsal 
feather  tracts  was  present  and  the  development  of  the  individual  feathers 
was  more  advanced,  though  of  aberrant  structure.  Their  general  pattern 
of  distribution  conformed  closely  with  that  of  the  8-day  normal  embryo 
(stages  32-33)  (9). 

In  normal  embryogenesis,  dermal  thickenings,  representing  the  begin¬ 
ning  formation  of  feather  primordia,  appear  on  the  mid-dorsal  line  of  the 
embryo  on  the  6th  day  of  development  (15-18).  Similar  thickenings  ap¬ 
pear  lateral  to  the  initial  ones  in  a  sequential  manner,  following  a  typical 
pattern.  Due  to  this  successive  appearance  of  new  feather  primordia  there 
are  present  simultaneously  in  this,  as  well  as  in  other  feather  forming  areas, 
primordia  in  various  stages  of  development.  The  formation  and  develop¬ 
ment  of  the  early  dermal  thickenings  was  found  to  be  completely  inhibited 
by  cortisone.  As  only  such  early  structures  are  present  in  the  6-day  em¬ 
bryo,  treatment  at  this  age  completely  eliminated  feather  formation.  In 
embryos  treated  later  in  development,  those  primordia  that,  at  the  time 
of  treatment  had  already  emerged  above  the  level  of  the  skin,  proceeded 
to  develop  but  in  a  markedly  stunted  and  abnormal  manner.  Thus,  the 
eventual  patterns  of  plumage  in  the  treated  embryos  reflected  the  various 
degrees  of  development  and  susceptibility  of  the  primordia  at  the  time  of 
treatment  (Figs.  21,  22). 

Scales  and  claivs  were  entirely  absent  in  all  the  severely  affected  embryos. 
These  structures  begin  to  develop  in  the  embryo  at  about  the  11th  day  and, 
like  the  feathers,  derive  of  mesodermal  and  ectodermal  components.  Corti¬ 
sone  administered  between  the  6th  and  8th  day  of  development  prevented, 
in  many  instances,  the  formation  of  primordia  of  these  structures. 

The  skeleton.  Cortisone  affected  strikingly  the  ossification  of  various 
endochondral  and  membranous  bones,  retarding  the  process  in  some  and 
completely  preventing  it  in  others.  Complete  inhibition  of  formation  of 
certain  skeletal  constituents  was  also  prevented. 

The  skull  was  rounder  in  outline  than  in  normal  embryos,  showing  a 
pronounced  curvature  in  the  occipital  area.  The  beak  was  frequently 
shortened,  the  upper  part  being  occasionally  shorter  than  the  lower  and 
bent.  However,  all  of  its  skeletal  constituents  were  present  in  their  ap¬ 
propriate  positions,  in  marked  contrast  with  the  beak  defects  character¬ 
istic  of  syndrome  I.  On  the  other  hand,  there  was  a  conspicuous  develop¬ 
mental  failure  in  the  roof  of  the  skull:  as  clearly  seen  in  alizarin-stained 
embryos,  there  was  no  ossification  of  the  membranous  bone  rudiments  in 
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this  area.  Tliere  was,  thus,  a  distinct  difference  between  the  response  to 
cortisone  of  tlie  meml)ranous  l)ones  in  tlie  beak  region  and  that  of  the 
osteogenic  membranes  in  tlie  roof  of  the  skull. 

The  cartilaginous  primordia  of  the  vertebral  column  developed  in  an 
orderly  manner,  even  in  the  most  severely  affected  embryos.  Their  ossi¬ 
fication  was  retarded  to  various  degrees  in  direct  relation  to  the  .severity 
of  the  cortisone  syndrome  (Fig.  7).  Ossification  of  vertebrae  in  normal 
embryogenesis  takes  place  in  an  anterior-posterior  order,  so  that  a  series 
of  .stages  exists  in  a  single  embryo.  This  differential  along  the  vertebral 
axis  is  reflected  in  the  manner  of  response  to  cortisone.  Figure  7  shows  an 
18-day  embryo  treated  with  cortisone  at  8  days;  it  is  stained  with  alizarin 
for  bone.  There  is  a  .sequential  reduction  in  the  degree  of  .stainability  of  the 
vertebrae:  the  cervical  vertebrae  show  partial  ossification  of  the  centra  and 


10.  .Vlizarin  staiiu'd,  cloan'd  specimen  of  base  of  brain  and  upper  beak  of  normal  18-day 

('inbrvo.  {pm  is  tlie  premaxilla,  m  the  maxilla,  and  pa  the  palate.)  ^ 

11.  Similarly  jirejiared  specimen  of  the  upper  beak  and  base  of  brain  of  an  embryo 
treated  at  4  days  with  2  mg.  cortisone  acetate  and  sacrificed  at  18  days.  The  small 
pri'inaxillae  (jim)  are  seen;  the  maxillary  bones  (m)  are  small  and  deformed  and  dis¬ 
located,  so  that  a  bilateral  Kaji  exists  between  the  premaxillae  and  maxillae.  The 
jialatal  bones  (pa)  are  shoptimed,  flattened  and  directed  laterally  to  join  the  defec¬ 
tive  maxillae. 

12.  Similarly  prepared  i)reparation  of  an  embryo  treated  at  8  days  with  2  mg.  cortisone 
acetate  and  sacrificed  at  18  days.  Ossification  is  light  but  all  bones  are  present  in  their 
j)roper  position  (compare  with  Figs.  10,  11). 

1.3.  Similarly  i)repared  preparation  showing  a  profile  of  the  normal  head  of  an  18-day 
embryo,  {n  is  the  nasal  bone.) 

14.  Similarly  prepared  profile  of  18-day  embryo,  treated  with  2  mg.  cortLsone  on  4th 
day.  The  nasal  bone  (n)  is  curved  posteriorly.  The  coloboma  is  due  to  the  absence 
of  the  anterior  process  of  the  maxilla  (m),  and  the  posterior  dislocation  of  the  re¬ 
maining  portion  of  the  maxilla  (m),  together  with  the  deficient  premaxilla  (pm). 

15.  Methylene  blue  stained,  cleared  skeleton  of  a  normal  18-day  chick  embryo. 

If).  Methylene  blue  stained,  clean'd  skeleton  of  an  18-day  chick  embryo  treated  with 
2  mg.  cortisone  acetate  at  8  days.  Due  to  retarded  ossification,  the  entire  shaft  of  the 
long  bones  take  the  cartilage  stain.  (Compare  with  Fig.  15.) 

17.  Wings  and  legs  of  1 2-day  embryos  cleared  and  strained  with  methylene  blue  to  demon¬ 
strate  cartilage  (wings  on  left,  legs  on  right). 

(a)  Treated  at  4  days  with  2  mg.  corti.sone  acetate.  The  femur  and  humerus  are 
short  and  bent  and  there  is  a  protuberanee  in  the  midshaft  of  the  humerus  and 
femur,  presumbably  due  to  the  sharp  angulation. 

(b)  Treated  at  8  days  with  2  mg.  eortisone  acetate.  The  long  bones  are  shortened 
and  the  distal  phalanges  are  missing. 

(c)  Normal  control. 

18.  .V  section  through  the  shaft  of  the  femur  from  a  normal  16-day  old  embryo  decalci¬ 
fied  and  stained  with  hematoxylin  and  Biebrich  scarlet. 

19.  \  section  through  the  shaft  of  the  femur  from  a  16-day  ohl  embryo  treated  with 
cortisone  at  8  days  of  incubation,  d  he  shaft  is  filled  with  cartilage  which  did  not 
undergo  ossification,  but  there  is  some  perichondral  bone  formation. 


/  / 


/ 


20.  Whole  mount  of  skin  from  the  back  of  an  11-day  old  embryo  showing  the  normal 
distribution  of  the  feather  tracts.  (Stained  with  hematoxylin  and  cleared.) 

21.  Whole  mount  of  skin  from  the  back  of  a  14-day  old  embryo,  treated  with  2  mg. 
cortisone  acetate  at  7  days.  .Although  this  is  a  14-day  embryo,  the  existing  feathers 
ere  small  and  abnormal,  and  only  a  few  feather  tracts  developed.  (Compare  with  11- 
dav  embrvo.  Fig.  20.) 
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of  the  neural  arches.  There  is  even  less  calcified  tissue  in  the  thoracic 
vertebrae  of  which  only  the  centers  show  ossification.  From  there  on  there 
is  no  demonstrable  bone.  Figure  7  should  be  compared  with  Figure  10 
which  is  of  a  .similar  embryo,  stained  with  methylene  blue  for  cartilage  and 
shows  the  completeness  of  the  cartilaginous  elements  of  the  vertebral 
column. 

The  extremities  of  the  affected  embryos  also  showed  various  anatomical 
and  histological  defects.  The  di.stal  phalanges  were  frequently  mi.ssing.  The 
course  of  ossification  in  the  long  bones  differed  markedl}'  from  the  normal. 
The  endochondral  ossification  of  the  proximal  skeletal  elements  of  the  ap¬ 
pendages  was  very  retarded.  Histological  examination  of  this  material 
showed  that  the  shaft  consisted  of  a  continuous  core  of  cartilage  .surrounded 
by  perichondral  bone.  There  was  no  typical  bone  marrow  cavity  (Fig.  19). 

The  sternum.  The  sternum  underwent  striking  changes  in  all  embryos 
with  defective  closure  of  the  body  wall,  their  extent  corresponding  to  the 
severity  of  the  ventral  body  wall  malformation.  These  changes  ranged 
from  a  partial  failure  of  the  sternal  plates  to  unite  in  their  posterior  region, 
to  a  complete  absence  of  closure  along  the  whole  length  of  the  sternum, 
with  consequent  aberrations  in  the  .structure  of  the  separate  sternal  ele¬ 
ments  and  the  positioning  of  the  ribs.  The  description  of  these  changes  will 
be  facilitated  by  a  brief  account  of  the  normal  development  of  the  avian 
sternum,  described  in  detail  by  Fell  (10). 


22.  Whole  mount  of  the  skin  from  the  hack  of  a  14-(lay  old  embryo,  treatcal  with  2  niff, 
eortisone  acetate  at  (i  days.  No  feathers  are  present. 

25.  Whole  mount  of  skin  from  the  h's  of  a  normal  Hi-day  embryo  showing  the  seales. 

24.  Whole  mount  of  skin  from  the  leg  of  a  lb-day  old  embryo  treated  with  2  mg.  eorti¬ 
sone  aeetate  at  S  days.  The  seales  are  not  jiresent. 

25.  Methylene  blue  stained,  eleared  sternum  of  a  normal  12-day  embryo  (ventral  view). 

2().  Ventral  view  of  the  sternum  of  a  12-day  old  embryo,  treated  with  2  mg.  of  eortisone 

aeetate  on  the  Sth  day  of  incubation  (presumbably  late  8th  day).  The  posterior 
parts  of  the  sternal  plates  are  not  fused  in  the  mid-ventral  line. 

27.  Ventral  view  of  sternum  from  a  12-day  old  embryo  treated  with  cortisone  acetate 
on  the  Sth  day  (presumably  earlier  than  Fig.  2(5). 

2S,  29.  Ventral  vimv  of  sternum  from  a  12-day  old  embryo  treated  with  cortisone  on  the 
7th  day.  Fig.  28  hows  only  fusion  of  the  anterior  portion  of  the  sternal  plate,  al¬ 
though  the  sternal  plates  have  moved  medially.  In  Fig.  29  the  sternal  plates  re¬ 
mained  laterally  i)laced. 

50,  51 .  Ventral  view  of  sternal  plates  frorn  12-day  old  embryos  treated  with  2  mg.  corti¬ 
sone  at  6  days  of  incubation.  Sternal  plates  are  not  elosed  and  they  are  laterally 
plaeed. 

52.  Lateral  view  of  Idg.  25,  normal  12-day  embryo. 

55.  Lateral  view,  Fig.  50. 

54.  Ventral  view  of  sternal  i)lates  from  12-day  embryo  treated  with  2  mg.  of  eortisone 
on  the  4th  day  of  ineubation.  The  sternal  plate  is  partiallj'  fused  anteriorly. 
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The  sternum  starts  its  dev'elopment  as  a  pair  of  primordia  which  fuse 
later.  They  arise  on  the  6th  day  of  development  as  mesenchymal  plates  in 
the  dorso-lateral  wall  of  the  thorax.  Between  the  7th  and  8th  day  the 
plates  move  to  a  vertical  position  on  both  sides  of  the  thoracic  cavity. 
Concurrently,  four  rapidly  expanding  cartilaginous  centers  appear  in  each 
plate.  On  the  8th  day  the  anterior  edges  of  the  plates  begin  to  join  at  the 
ventral  midline.  The  closure  of  the  sternal  plates  continues  in  an  anterior- 
posterior  direction  and  is  completed  by  the  11th  day  of  dev’elopment. 

In  embryos  treated  on  the  8th  daj’  of  development  closure  of  the  sternal 
plates  occurred  only  at  their  anterior  ends  (Fig.  26).  When  cortisone  was 
given  on  the  6th  day,  the  sternal  plates  remained  in  a  vertical  position  on 
both  sides  of  the  thoracic  cavity.  Moreov’er,  as  the  separate  plates  con¬ 
tinued  to  grow  in  this  abnormal  position,  they  became  distorted  in  shape 
(Figs.  30,  31). 

Comparing  the  above  aberrations  with  the  normal  pattern  of  develop¬ 
ment,  it  seems  that  cortisone  did  not  prevent  the  development  of  the 
sternal  plates  or  their  mov’ements.  In  embryos  treated  on  the  6th  day,  the 
mesenchymal  primordia  dev’eloped  into  cartilaginous  plates  which  re¬ 
sembled,  essentially,  the  normal  structures,  and  moved  from  their  primary 
place  in  the  dorso-lateral  wall  to  a  vertical  position.  Only  the  final  steps 
which  depend  on  the  normal  closure  of  the  ventral  body  wall  were  affected. 

DISCUSSION 

A  detailed  description  of  some  of  the  effects  of  cortisone,  administered 
at  various  stages  in  the  development  of  the  chick  embryo,  has  been  pre¬ 
sented.  Depending  on  the  stage  of  development  at  the  time  of  cortisone 
treatment,  different  patterns  of  response  have  been  observed.  Each  system 
in  the  embryo  appeared  to  reach  a  stage  of  maximum  and  specific  respon- 
siv’eness  to  cortisone  at  different  periods  of  dev’elopment,  so  that  a  wide 
spectrum  of  embryonic  disturbances  was  found.  For  the  purposes  of  analy¬ 
sis,  however,  the  diverse  effects  hav’e  been  grouped  into  two  distinctive 
syndromes.  Syndrome  I  is  representative  of  the  embryos  treated  at  3-5 
days,  and  syndrome  II  of  the  embryos  treated  at  8  days  of  incubation 
(Table  3).  The  correlation  between  the  developmental  stage  of  an  em¬ 
bryonic  region  and  the  patterns  of  response  to  treatment  is  essential  for 
the  interpretation  of  the  results  of  these  experiments. 

Not  only  is  the  time  of  cortisone  administration  important,  but  so  is  the 
route  (2).  Single  doses  of  cortisone  given  by  yolk  sac  injection  at  4  and  8 
days  were  about  one-third  as  activ'^e  by  weight  as  when  the  drug  was  inocu¬ 
lated  onto  the  CAM  at  8  days.  It  is  postulated  that  cortisone  is  rapidly 
absorbed  from  the  CAM,  acts  promptly  on  the  embryos,  and  any  unused 
portion  is  catabolized  or  stored  in  various  compartments  of  the  egg,  where 
as  cortisone  injected  into  the  yolk  sac  is  more  slowly  absorbed,  and  much 
larger  doses  are  necessary  to  produce  an  effect.  In  this  study  the  CAM 
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Table  3.  Developmental  defects  in  the  chick  embryo  after  application  of  cortisone 
ACETATE  (2  MG. /egg)  AT  4  AND  8  DAYS  OF  INCUBATION,  AS  OB¬ 
SERVED  ON  THE  16th  day  OF  INCUBATION 


Syndrome  I  treated  at  4  daj's 

Syndrome  11  treated  at  8  days 

Weight  inhibition 

.\verage  weight  6  gm. 

.\verage  weight  4  gm. 

Feathers 

Normal 

Feather  formation  limited  to  the 
tracts  present  at  the  time  of  in¬ 
jection;  subsequent  feather  tract 
formation  was  inhibited 

Scales 

Normal 

Formation  of  scales  inhibited 

Skeletal  defects: 

(a)  Kiuloohondral  liones  Shortening  and  bending  of  fe-  Distal  phalanges  missing.  Ver- 

mur  and  humerus  (Fig.  17a).  tebral  ossification  retarded.  En- 
Ossification  as  observed  on  dochondral  o.ssification  of  long 
16th  day  normal  bones  retarded 

(b)  Membranous  bones  Facial  skeleton:  facial  colo-  Facial  skeleton:  the  beak  short- 

boma  with  cleft  palate  (occa-  ened.  Upper  beak  bent.  Bones 
sional  slight  shortening  of  the  of  the  head  roof  not  ossified 
lower  beak).  Bones  of  the  head 
roof  normally  ossified 

Exteriorized  viscera  Low  incidence  Highest  incidence  after  treat¬ 

ment  at  6  and  7  days.  Lower 
after  treatment  at  8  days 

route  was  emplojed  to  give  a  rapid  uptake  of  cortisone,  and  thus  produce 
sharp  effects  on  the  embryo  in  relation  to  the  time  of  treatment. 

Whether  the  morphological  alterations  produced  b}'  cortisone  in  the 
embryo  are  due  to  its  direct  effect  on  the  affected  structures,  or  to  in¬ 
direct  effects  is  not  known.  A  direct  effect  seems  to  be  a  reasonable  inter¬ 
pretation  of  the  defects  typical  of  syndrome  I.  Cleft  palate  and  facial 
coloboma  occur  only  when  cortisone  is  administered  during  the  short  pe¬ 
riod  when  the  palate  and  jaws  are  being  laid  down;  that  is,  while  move¬ 
ments  of  cells  and  of  cell  groupings,  involved  in  the  building  of  these  struc¬ 
tures,  are  in  progress.  At  a  later  period,  when  the  scaffolding  of  these 
structures  has  been  established,  cortisone  no  longer  interferes  with  their 
development.  At  a  similar  sensitive  stage  facial  coloboma  and  cleft  palates 
have  been  produced  by  other  agents  (11);  these  include  azaserine  (12)  and 
boric  acid  (13).  Whether  these  chemically  unrelated  agents  affect  the 
same  basic  processes  in  the  sensitive  tissues  requires  further  analysis. 

A  direct  effect  of  cortisone  on  morphogenetic  processes  also  seems  likely 
in  the  case  of  feather  development.  It  has  been  shown  in  a  number  of 
studies  (15-22)  that  there  is  a  mutual  morphogenetic  dependence  between 
the  dermal  papilla  and  the  overlying  ectoderm,  both  in  the  early  and  in  the 
further  development  of  the  feather  primordium.  Any  interference  with  the 
functional  integrity  of  these  components  or  their  interaction  might  be, 
therefore,  expected  to  inhibit  or  modify  development  in  various  degrees. 

The  observations  on  the  effects  of  cortisone  on  the  feather  birds  suggest 
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these  eonelusions: 

(a)  Cortisone  prevents  the  formation  of  new  feather  papillae. 

(h)  Papillae  affected  before  the  ectodermal  response  has  set  in  do  not 
give  rise  to  feather  buds. 

(c)  Young  feather  buds  affected  by  cortisone  continue  to  develop  and 
grow  but  in  a  stunted  and  abnormal  manner. 

The  available  data  do  not  indicate  whether  cortisone  acts  solely  on  the 
dermal  papillae  or  also  directly  affects  the  overlying  ectodermal  cells;  both 
of  these  tissues  may  be  targets.  The  possibility  also  exists  that  cortisone 
may  lead  to  an  impairment  in  the  reciprocal  interaction  between  the  two 
tis.sues. 

A  striking  example  of  a  tjpe  of  indirect  effect  of  cortisone  on  organ  de¬ 
velopment  is  provided  by  the  fate  of  the  sternum  in  treated  embryos.  Our 
observations  have  shown  that  the  disturbance  in  sternal  development  is 
due  to  partial  or  complete  failure  of  the  l)ody  wall  to  close,  and  thus  to 
exert  the  mechanical  influence  nece.ssary  to  bring  the  sternal  plates  to¬ 
gether.  The  mechanism  whereby  cortisone  inhibits  body  wall  closure  has 
not  been  determined. 

Cortisone  may  affect  differently  histogenetic  processes  of  presumably 
comparable  type.  For  instance,  while  calcification  of  the  membranous 
bones  of  the  jaws  is  not  noticeably  impaired,  that  of  the  membranous 
bones  of  the  skull  roof  is  markedly  retarded.  This  is  not  surprising  in  view 
of  the  fact  that  tissues  of  apparently  .similar  histogenetic  appearance  do 
not  necessarily  proceed  along  identical  lines  of  development,  and  do  not 
reflect  identical  proce.sses  of  cellular  arrangement  and  reaction  (14). 

Pickman  et  al.  (23)  recently  found  that  cortisone  inhibits  embryonic 
growth  when  multiple  doses  are  applied  to  the  embryonic  membranes  dur¬ 
ing  early  development.  Our  data  clearly  indicate  that  certain  structures  in 
the  early  embryo  are  differentially  susceptible  to  the  action  of  cortisone. 
It  has  been  suggested  (2)  that  the  mo.st  severe  growth-inhibiting  effect  of 
cortisone  occurs  on  the  8th  day  of  incubation  and  thereafter.  This  could  be 
due  in  part  to  a  direct  effect  of  cortisone  on  the  susceptible  tissues,  but 
indirect  effects  through  the  dev'eloping  endocrine  sjstem  and  interference 
with  nutrition  due  to  disturbances  in  the  development  of  embryonic  mem¬ 
branes  may  be  implicated  (2). 

It  is  apparent  that  the  embryo,  in  the  course  of  its  development,  shows 
striking  regional  differences  in  its  susceptibility  to  corti-sone.  A  satisfactory 
interpretation  of  the.se  diverse  effects  and  the  underlj'ing  metabolic  mecha¬ 
nisms  must  await  a  clearer  understanding  of  cortisone  action.  Cortisone 
suggests  itself  as  a  useful  tool  for  the  analysis  of  developmental  mecha¬ 
nisms.  The  chick  embryo  .seems  to  be  an  excellent  system  for  studying  the 
possible  localization  and  the  function  of  cortisone  and  related  adrenal 
steroids,  since  .susceptible  cells  appear  and  di.sappear  in  such  a  regular 
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sequence  and  their  responses  give  rise  to  striking,  readily  identifiable  de¬ 
velopmental  disturbances. 
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ABSTRACT 

The  purpose  of  these  studies  was  to  eonipare  tlie  amount  of  transformation 
of  cortisol  to  cortisone  produced  by  lymj)hocytes  of  untreated  animals  ami 
those  of  animals  treated  with  large  doses  of  cortisol  for  a  period  of  several  days. 

The  lymphatic  organs  (spleens,  lymph  nodes  and  thymi)  of  50  mice  of  the 
CBA  strain  which  were  given  cortisol  acetate  (1  mg.)  daily  for  9  days  were 
compared  to  untreated  CB.\  mice  of  the  same  age  and  sex  for  the  eapacities 
of  these  cells  to  transform  cortisol  to  cortisone.  The  amounts  of  differences  of 
1 1/3-hydroxydehydrogenase  system  activity  present  in  the  two  groups  of  ani¬ 
mals  were  estimated  by  incubating  equivalent  amounts  of  tissue  (300  mg.) 
from  eaeh  of  the  two  groups  with  cortisol-4C‘^  (11.5  m/xM).  In  untreated  ani¬ 
mals  the  abilities  of  the  tissues  to  make  the  transformation  were  highest  in 
lymph  nodes,  second  highest  in  spleen  and  very  low  in  the  thymus.  Following 
prolonged  treatment  with  large  doses  of  cortisol  it  was  found  that  the  thymus 
increased  its  capacity  to  transform  cortisol  to  cortisone  by  217%.  Lymph 
nodes  showed  a  small  but  definite  increase  and  there  was  a  slight  decrease  in  the 
spleen.  The  factors  which  might  be  brought  into  play  to  explain  this  enormous 
increase  in  thymic  activity  are  discussed  in  the  body  of  the  paper  and  the  pres¬ 
ence  of  1 1/3-hydroxydehydrogenase  in  various  cell  types  (normal  immature, 
eortisol-treated  lymphoeytes  and  malignant  lymphocj’tes)  are  discussed. 

Among  the  endogenously  formed  adreno-cortical  hormones  which  pro- 
L  duce  karyorrhexis  of  lymphocytes,  cortisol  was  found  to  be  the  most 
activ’e  (1).  Immature  or  reticular  lymphocytes  were  found  to  be  more  re¬ 
sistant  to  this  particular  action  of  cortisol  (1).  In  other  experiments  it  was 
observed  that  malignant  ly  mphocytes  have  great  ability  to  transform  corti¬ 
sol  to  metabolites  which  are  devoid  of  the  capability  to  produce  lympho¬ 
cyte  destruction  (2,  3).  Thus,  with  respect  to  the  lymphocyte  destructive 
effect  of  cortisol,  these  substances  are  ineffective.  Cortisol  in  small  amounts 
which  probably  approaches  physiological  concentration,  produces  karyor¬ 
rhexis  of  normal  but  not  malignant  lymphocytes  (4).  Similarly,  mature 
lymphocytes  are  destroyed  by  concentrations  of  cortisol  which  do  not  af¬ 
fect  immature  lymphocytes  (5,  6). 

Received  September  11,  1959. 
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The  purpose  of  this  investigation  is  to  ascertain  whether  lymphocytes 
taken  from  animals  treated  daily  for  9  days  with  large  doses  of  cortisol 
have  developed  greater  abilities  to  metabolize  this  hormone  to  ineffective 
transformation  products.  Since  smaller  mature  lymphocytes  are  most  sus¬ 
ceptible  to  cortisol  effects,  successive  treatment  with  greater  than  physio¬ 
logical  amounts  of  cortisol  destroys  small  cells  and  thus  leaves  the  imma¬ 
ture  reticular  lymphocytes  (6,  7).  Accordingly,  by  incubating  cortisol-4C‘^ 
with  these  cells  one  can  compare  both  quantitatively  and  qualitatively  the 
capacities  of  the  differentiated  and  undifferentiated  cells  to  catabolize 
cortisol. 

MATERI.4LS  A\D  METHODS 

Two  groups  of  female  CBA  miee  weighing  18  to  25  gm.  were  used.  There  were  50 
mice  in  each  group.  All  animals  were  maintained  on  Purina  Dog  Chow  and  water  ad  lih. 
with  protein  and  vitamin  supplements.  Animals  of  group  1  were  treated  daily  intra- 
peritoneally  with  1  mg.  cortisol  acetate  each,  for  9  consecutive  days.  Group  2  animals 
were  used  as  untreated  controls.  Two  hours  after  the  last  cortisol  injections,  both  con¬ 
trol  and  experimental  animals  were  sacrificed  by  spinal  severance.  Thymi,  lymph  nodes 
and  spleens  were  collected  from  both  groups.  Samples  of  the  lymphatic  organs  were 
taken  for  histological  observation.  The  collected  thymi,  lymph  nodes  or  spleens  of  each 
group  were  weighed  and  minced.  Three  hundred  mg.  samples  of  each  organ  mince  were 
placed  in  incubation  flasks  (125  ml.  Eirlenmeyers)  containing  11.5  mjiiM  (4.2  jug.)  of 
chromatographically  pure  Cortisol-4C'^  (Specific  Activity:  3230  cpm/jug.)  in  10  ml. 
phosphate  buffer  at  pH  7.4.  Incubation  time  was  3  hrs  at  37°  C.  The  mixture  was 
shaken  gently  during  this  time.  Other  flasks  containing  identically  minced  tissues  as 
those  described  above  were  prepared  for  extraction  without  incubation  (zero  controls). 
The  minced  material  was  then  extracted  with  the  acetone-chloroform  technique  previ¬ 
ously  described  (8)  for  the  preparation  of  an  extract  suitable  for  paper  chromatography. 
The  chromatographic  techniques  were  those  of  Zaffaroni  (9).  For  determination  of  spe¬ 
cific  activities  (11)  radioactivity  was  quantitated  directly  on  the  paper  chromatogram 
by  employing  area  analysis  of  the  radioactive  peaks  and  the  j8-ray  self-absorption  factor, 
which  in  our  case  is  0.12  (12).  Therefore: 

H  =  A  X  0.12 

where  R  is  equal  to  radioactivity  in  counts/min.  and  A  is  equal  to  the  area  in  sq.  cm. 

The  several  radioactive  areas  of  the  chromatogram  were  eluted  separately  aiul  iden¬ 
tified  by  rcchromatography  in  the  presence  of  nonradioactive  index  compounds  (10). 

Quantitation  of  the  index  steroids  with  the  a/3-unsaturated  ketone  which  absorbs  at 
240  m^  maximum  was  performed  in  a  model  DU  Beckman  spectroi)hotometer  using 
silica  (‘ells  of  1-cm.  light  path  containing  either  3  ml.  or  0.5  ml.  of  the  compound  dis¬ 
solved  in  methanol.  The  following  formula  was  ai)plied: 

F  X  240 

Ug.  = - 

1000 

where  F  is  equal  to  the  extinction  coefficient  of  the  particular  steroid  as  described  by 
Cruz  and  Gomez-Mont  (13).  Specific  activity  was  determined  by  area  analysis,  fol¬ 
lowed  by  elution  and  steroid  quantitation  of  the  radioactive  region. 

When  a  derivative  was  prepared,  the  foregoing  procedure  was  repeated  with  the  e.x- 
ception  that  a  correction  factor  was  employed  for  the  change  in  molecular  weight: 


Mg.r  =  #ig.d(K) 
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where  wg.,  is  equal  to  equivalent  mierograms,  and  /xg.a  is  equal  to  the  weight  of  the  de¬ 
rivative. 


K  = 


moleeidar  weight  of  the  parent  steroid 


molecvilar  weight  of  the  derivative 

Therefore,  the  relative  speeifie  aetivity  of  the  derivative  was  ealculated  aeeording  to 
the  following  formula; 

.  •  c.  .  /  ,  •  ,  .  X  612  X  1000 

Relative  (count. s/min//ig.r)  =  -  - 

r  X  240  mMmnx(K) 

where  A  is  equal  to  the  area  under  the  radioaetive  peak  of  the  derivative. 

F  X  240  m^rnax 

loot) 


is  equal  to  the  weight  of  the  derivative  in  mierograms. 


RESULTS 

Identification  of  compounds 

The  major  compound  other  than  cortisol,  isolated  and  identified  from 
the  incubated  control  and  experimental  animals,  was  cortisone.  From  the 
zero  controls  only  cortisol  was  isolated.  The  identification  of  cortisone  was 
done  by  using  the  following  procedure:  A  mixture  of  the  radioactive  un¬ 
known  (iUOO  cpm)  plus  authentic  cortisone  (64  /xg.)  migrated  at  the  same 
rate  (Rf  0.6.5,  Specific  Activity  52.0  cpm  Vg.)  in  the  chloroform-formamide 
sy.stem  (authentic  cortisol  exhibits  an  Rf  of  0.8  in  the  .same  system).  One 
half  of  this  mixture,  when  .subjected  to  a  strong  oxidation  with  CrOs  (10) 
was  converted  to  4-androstene-8,ll,17-trione.  This  oxidation  product  had 
an  Rf  of  0..50  and  a  specific  activity  of  52.8  cpm  fig.  in  benzene-formamide, 
and  exhibited  the  same  chemical  and  physical  properties  as  4-androstene-8, 
1 1,17-trione.  The  other  half  was  acetylated  (10),  showing  a  .specific  ac¬ 
tivity  of  58.0  cpm  fig.  upon  benzene-formamide  chromatography,  and  had 
the  same  chemical  properties  as  cortisone-21-acetate  (R  f  0.25). 

The  m/uM  of  steroid  converted  per  800  mg.  of  tissue  in  8  hrs  is  shown  in 
Table  1.  In  untreated  controls  it  may  be  seen  that  the  lymph  nodes  have 
the  highest  capacity  to  dehydrogenate  the  eleven  position  of  cortisol.  The 
spleen  is  next  most  active  and  thymus  has  least  activity.  Conversely,  this 
is  not  the  case  following  cortisol  treatment  of  the  animals.  From  data  ob¬ 
tained  it  was  obvious  that  the  thymi  from  cortisol  treated  mice  showed  the 
highest  level  of  tran.sformation  of  cortisol  to  cortisone  (Fig.  1  and  Table  1). 
Second  highest  activity  was  exhibited  by  lymph  nodes.  Following  cortisol 
pre-treatment,  a  decrease  in  metabolic  activity  was  exhibited  by  splenic 
tissue  (Table  1). 

Histological  observations 

There  is  a  lack  of  demarcation  between  cortical  and  medullary  areas  of 
lymph  nodes  of  cortisol  treated  animals.  Lymphocytes  have  pycnotic  nu- 
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Table  1.  Thaxskormatiox  of  roRTisoL-4(-'*  to  cortisoxe-4C'‘<  by'  lymphatic  tissues 
in  vitro.  The  %  coxversiox  is  givex  for  the  coxtrol  group  axd  for  tissi  es 

OF  AXIMALS  TREATED  WITH  1  MG  OF  XOXRADIOACTIVE  CORTISOL  PER  DAY  FOR 

It  DAYS.  Each  ixcubatiox  flask  coxtaixed  300  mg  of  tissue  axd  was 
IXCUBATED  FOR  3  HOURS  AT  37°’ C 


Tissue  j 

m/umoles  1 

Cortisol  incubated  j 

m/u  moles  j 

Cortisone  isolated  j 

Average  % 
conversion 

Thymus 

Control  1 

1 

11.5 

1 .2  (0.9-1 .4)* 

10.4 

Cortisol  treated 

11.5 

3.8  (3. 4-4. 2) 

33.0 

Spleen 

Control 

i  11.5 

2. 0(1. 9-2. 2) 

17.3 

Cortisol  treated 

11.5 

1.0  (1.5-1. 8) 

13.9 

byinjih  Node 
(’ontrol 

1  11.5 

s  2.4(2.2-2.01 

20.8 

Cortisol  treated 

11.5 

2.9  (2.(>-3.1) 

25.2 

*  Minimum-maximum  of  four  (4)  incubations. 


clei  and  there  is  a  profound  reduction  in  the  amount  of  cytoplasm.  Macro¬ 
phages  and  reticular  lymphocytes  are  apparent  1}'  decreased  as  compared 
to  those  of  non-treated  animals  but  are  proportionately  far  greater  in  num¬ 
ber  than  the  mature  lymphocytes. 

Chronic  cortisol  admiiiistration  also  produced  a  marked  decrease  in  size 
and  weight  of  the  spleens.  Sections  of  spleen  show  a  partial  disappearance 
of  demarcation  between  white  and  red  pulp.  Pyknosis  of  white  pulp  lym¬ 
phocyte  nuclei  was  evident  and  immature  cells  appeared  to  be  resistant  to 
nuclear  and  cytoplasmic  destruction.  The  red  pulp  contained  many  retic¬ 
ular  cells.  Areas  of  myelo-  and  erythropoiesis  were  frequently  observed. 


Fig.  1.  Hadioactive  tracings  of  paper 
chromatographic  zones  of  incubations  of 
th3'mi  of  e.xperimental  and  control  mice  in 
the  chloroform-formamide  sj'stem.  Roth 
chromatograms  were  eounted  at  1000  cpm 
full  scale  on  an  automatic  strip  counter. 
(Quantitation  was  performed  by  area  anal¬ 
ysis  of  the  peak's  (see  Ref.  12).  The  Rf  of 
cortisol  is  0.3  and  the  Rf  of  cortisone,  0.()5. 
Note  the  incri'asi'd  amount  of  radioactivit.v 
in  the  cortisone  peak  from  the  cortisol- 
treated  mice. 


L 
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Fig.  2.  Thymus  of  untroated  CBA  mouse.  Note  demarcation  of  cortical  and  medul¬ 
lary  area.  Staining  H.E.  Magnification  X92. 

Fig.  3.  Medullary  area  of  untreated  CB.\  mouse  (Fig.  2).  Large  leptochromatic 
nuclei  are  those  of  entodermal  reticular  cells.  Small  dense  nuceli  belong  to  lymphoc}  tcs. 
Staining  H.E.  Magnification  X790. 

Fig.  4.  Thymus  of  chronic  cortisol  treated  mouse  (1  mg.  daily  for  9  days).  Note 
reduction  in  cortical  portion  and  absence  of  cortical-medullary  demarcation.  Only 
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Although  mitotic  figures  were  absent  from  the  lymphatic  organs,  the  mylo- 
poietic  cells  showed  numerous  mitoses. 

The  thymi  of  hormone  treated  animals  are  exceedingly  small.  The  med¬ 
ullary  portion  does  not  appear  to  be  decreased  as  compared  to  control  non- 
treated  animals  (Figs.  2,  4)  but  there  is  almost  a  complete  absence  of  the 
cortical  portions  (Fig.  4).  Pycnotic  lymphocytes  and  some  immature  lym¬ 
phocytes  are  scattered  about  in  the  endodermal  reticular  stroma  of  the 
medulla  (Fig.  5).  The  endodermal  reticular  cells  and  the  lymphocytes  are 
the  sole  cellular  types  found  (Fig.  5).  A  most  interesting  event  was  the 
development  of  Hassall’s  corpuscles  in  the  cortisol  treated  animals  (Fig.  o). 
The  mouse  and  rat  are  two  species  in  which  Hassall’s  corpuscles  are  not 
found  in  the  normal  animal.  Unlike  guinea  pigs  and  humans  in  which  these 
bodies  increase  in  number  with  increase  in  age,  they  do  not  even  appear  in 
old  mice. 

DISCUSSION 

The  relationship  between  cortisol  action  and  its  metabolism  by  hepatic 
and  extrahepatic  cells  has  been  investigated  extensively  in  our  laboratory. 
The  focus  of  attention  has  been  on  those  cells  primarily  affected  by  cortisol 
in  conditions  in  which  this  hormone  exerts  actions  of  physiological  signifi¬ 
cance.  The  results  of  many  studies  indicate  that  fibroblasts  are  the  main 
target  cells  of  cortisol  action  when  this  substance  exerts  an  antiphlogistic 
effect  (14,  15).  The  interrelationship  between  cortisol  and  the  capacity  of 
fibroblasts  to  metabolize  this  hormone  have  been  studied  extensively  in 
vitro,  using  fibroblasts  from  the  connective  tissue  of  the  mouse  (17),  in 
vitro  in  tissue  culture  of  human  fibroblasts  (18)  and  finally,  for  fibroblasts 
taken  from  areas  of  inflammation  (19).  The  details  of  these  investigations 
are  given  in  separate  publications  and  the  implications  of  these  studies  for 
the  antiphlogistic  influence  are  given  in  reviews  (16,  20,  21).  In  general  it 
appears  that  among  numerous  normal  cell  types  which  have  now  been 
studied,  fibroblasts  are  the  most  potent  of  extrahepatic  cells  in  their  capac¬ 
ity  to  catabolize  cortisol  (16).  Unlike  the  liver  cells,  fibroblasts  cannot 
reduce  the  3  keto  position.  They  have  only  slight  capacity  to  reduce  the 
A''  double  bond  and  they  cannot  conjugate  this  steroid  (11,  16).  However, 
they  are  able  to  perform  all  other  oxidations  and  reductions  of  substituted 
groups  on  the  cyclopentaneperhydrophenanthrene  nucleus  (gonane  nu¬ 
cleus)*  which  have  been  mostly  attributed  to  liver  function  (11,  22). 

*  The  term  “gonane  nucleus”  has  been  accepted  at  the  meeting  of  the  Ciba  P’ounda- 
tion,  London,  May  30th  to  June  15th,  1950  {Chemistry  and  Industry,  SNl-11,  June 
2.3,  1951). 


medullary  portion  remains  and  is  shown  in  detail  in  Fig.  5.  Staining  H.E.  Magnifica¬ 
tion  X92. 

Fig.  5.  Same  as  Fig.  4.  Entodermal  reticular  cells  and  pycnotic  lymphocytes  remain. 
Note  Hassall’s  corpuscle  in  center  of  the  field.  Staining  H.E.  Magnification  X790. 
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From  the  amount  of  catabolism  it  seems  clear  that  this  connective  tissue 
cell  which  sequesters  cortisol  (14),  largely  controls  the  rate  of  cortisol  in¬ 
activation.  None  of  the  conversion  products  have  anti-inflammatory 
activity  (23).  It  is  apparent  that  unmodified  cortisol  exerts  an  anti¬ 
inflammatory  effect  at  the  .site  of  inflammation  and  that  it  does  so  by  in¬ 
creasing  fibroblastic  resistance  to  destruction  and  thereby  reduces  cjdo- 
toxin  elaboration  (24). 

In  addition  to  the  fact  that  peripheral  corti.sol  metabolism  influences  the 
amount  of  available  active  hormone,  it  is  of  some  interest  to  inquire 
whether  steroid  hormone  conversions  play  a  fundamental  chemical  role  in 
the  antiphlogistic  effect  or  whether  thev'  are  primarily  related  to  a  turn¬ 
over  of  an  active  form,  so  that  rate  of  catabolism  regulates  the  amount  of 
av'ailable  corti.sol  at  the  cellular  level.  It  is  true,  of  course,  that  these  ac¬ 
tions  are  not  mutually  exclusive  and  steroid  conversions  are  essential  to 
satisfy  hormone  concentration  via  pituitary  adrenal  mediation  (2.5)  and 
also  maj'  be  related  to  hormone  action  (26). 

Another  target  cell  for  cortisol  action  is  the  lymphocyte.  The  degree  of 
influence  of  cortisol  on  the  destruction  and  inhibition  of  growth  of  this  cell 
type  is  among  the  most  dramatic  effects  of  any  hormones  on  any  cellular 
activities  (27).  It  is  interesting,  then,  in  contrast  to  fibroblasts  that  mature 
lymphocytes  have  little,  if  any,  capability  of  catabolizing  cortisol  in  spite 
of  the  fact  that  they  so  delicately  react  to  degrees  of  concentration  of  hor¬ 
mone  acting  upon  them  (2,  3).  Here,  then,  appears  to  be  at  least  one  .site 
and  one  type  of  hormone  action  in  which  unmodified  cortisol  acts  as  such 
and  its  catabolism  is  comparatively  negligible. 

Although  normal  mature  lymphocytes  are  unable  to  catabolize  cortisol 
to  cortisone  to  any  extent,  it  is  evident  that  after  prolonged  hormone 
treatment,  the  thymic  and  lymph  node  cells  which  survive  can  increase 
this  transformation.  The  thymic  cells  have  developed  an  enormous  amount 
of  11 /3-hydroxy dehydrogenase  activity  (Fig.  1).  At  fir.st  glance  it  would  ap¬ 
pear  that  the  lymphatic  organ  had  developed  an  adaptive  enzyme;  how¬ 
ever,  it  should  be  kept  in  mind  that  at  the  end  of  the  treatment  period  the 
cell  population  is  considerablj'  different  (Figs.  3,  5).  The  number  of  imma¬ 
ture  lymphocytes  and  reticuloendothelial  cells  per  unit  weight  of  tissue  is 
vastly  greater  than  in  the  non-treated  organs.  Thus,  at  this  time  it  is  im¬ 
possible  to  determine  whether  the  remaining  cells  have  developed  any 
greater  ability  to  transform  corti.sol  than  non-treated  immature  cells.  In 
any  case,  it  is  evident  that  immature  lymphocytes  resemble  leukemic 
lymphocytes  in  that  they  can  catabolize  corti.sol  to  cortisone.  However, 
normal  immature  lymphocytes,  unlike  leukemic  lymphocytes,  apparently 
cannot  catabolize  corti.sol  to  all  products  of  conversion  produced  by  leuke¬ 
mic  cells  (2,  3).  This  difference  now  appears  to  be  both  quantitative  and 
qualitative  becau.se  it  is  now  known  that  lymphatic  leukemic  cells  from 
different  leukemic  animals  all  transform  cortisol,  but  to  different  products 
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and  different  amounts  (unpublished  observations).  Immature  lymphocytes 
and  reticular  cells  possibly  have  in  common  with  lymphatic  leukemic 
lymphocytes  a  greater  amount  of  11 /3-hydroxy dehydrogenase  system. 
Enzymes  capable  of  attacking  other  positions  are  not  present  in  normal 
immature  cells  in  great  quantity. 

The  catabolic  activities  of  fibroblasts  and  lymphocytes  were  contrasted 
above.  Much  larger  amounts  of  cortisol  are  necessary  for  fibroblastic  de¬ 
struction  (28)  than  for  karyorrhexis  of  lymphocytes.  Cortisol  in  compara¬ 
tively  large  amounts  inhibits  fibroblastic  growth  of  some  strains  of  tissue 
culture  fibroblasts  (29).  A  strain  of  fibroblasts,  however,  which  was  resist¬ 
ant  to  cortisol  growth  inhibition  catabolized  100%  more  corti.sol  per  unit 
time  than  non-resistant  strains  (unpublished  observations).  Thus,  the 
generalization  appears  warranted  for  fibroblasts,  leukemic  cells  and  imma¬ 
ture  lymphocytes  that  when  these  cells  can  catabolize  cortisol,  this  hor¬ 
mone  has  less  capacity  to  limit  cellular  multiplication. 

The  coenzymes  necessary  for  the  11 /3-hydroxy dehydrogenase  system 
are  DPX  and  TPN  (22).  It  is  known  that  these  substances  enter  as  co¬ 
factors  in  the  transformation  of  cortisol  to  cortisone  (22).  It  is  quite 
possible  that  lymphoid  cells  remaining  after  cortisol  treatment  contain 
more  of  these  coenzymes  and  for  this  reason  have  a  greater  11/3-hydrox- 
ydehydrogenase  sj'stem  activity,  or,  on  the  other  hand,  it  seems  possible 
that  in  the  tissues  there  could  be  a  difference  in  amounts  of  oxidized  and 
reduced  coenzymes,  thus  giving  a  difference  in  the  products  of  conversion. 

It  is  interesting  that  the  greatest  transforming  activity  takes  place  in  the 
cortisol  treated  thymi.  It  seems  possible  that  endodermally  derived 
reticular  cells  could  participate  in  this  reaction.  This  possibility  is  being 
investigated  in  fetal  mouse  thymi  in  our  laboratory. 

The  production  of  Hassall’s  corpuscles  in  stressed  rats  (80)  or  following 
cortisol  treatment  is  surprising,  since  they  do  not  tend  to  form  in  non- 
stressed  or  non-cortisol-treated  mice.  Further  attention  should  be  paid  to 
the  fact  that  thymi  of  mice  and  rats  which  secrete  mainly  corticosterone  do 
not  contain  Hassall’s  corpuscles  but  guinea  pigs  and  humans  which  secrete 
mainly  cortisol  have  thymi  which  contain  these  structures. 

It  is  noteworthy  and  at  present  unexplained  that  the  splenic  cells  did  not 
increase  in  their  transforming  ability  following  cortisol  treatment.  This 
further  suggests  that  there  may  be  some  cellular  activities  in  this  regard, 
particularly  for  the  thymus. 
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ABSTRACT 

Several  microcuries  of  two  to  three  week  old  solutions  of  Xal*®*  were  spotted 
on  sheets  of  filter  paper  and  developed  one  dimensionally  in  an  ascending  tech¬ 
nique  using  n-Butanol  saturated  with  3X  XH4OH.  After  20  hours,  the  papers 
were  air-dried  and  radioautographed.  The  "extraneous  band,”  which  moves 
slightly  faster  than  the  XaB*‘  band,  was  cut  out,  eluted  with  50%  alcohol 
and  concentrated  to  5  microcuries/ml. 

Studies  were  conducted  on  the  factors  affecting  the  thyroid  uptake  of  fresh 
Xal*’^  solution  and  of  the  extraneous  band  solution  by  daj'-old  chicks.  .\t  all 
the  dosage  levels  (0.1,  0.5,  1.0  microcurie)  tested,  the  thyroid  uptake  of  the 
extraneous  band  solution  was  significantly  lower  than  that  of  fresh  Xal*®‘  solu¬ 
tion.  Administration  of  iodine  (Xal‘*^)  either  orally  in  the  diet  or  by  injection, 
lowers  the  uptake  of  fresh  Xal*^'  solution.  However,  the  thyroid  iq^take  of  the 
extraneous  band  solution  is  enhanced  by  simultaneous  injection  of  2  to  5  pg.  of 
Xal**^.  The  uptake  of  both  Xal'®*  and  the  extraneous  band  solution  is  enhanced 
by  the  simultaneous  administration  of  1  to  10  mg.  of  cjsteine  hydrochloride. 

SODIUM  iodide-P®'  (NaP®')  solutions  upon  storage  are  reported  to 
show  the  presence  of  several  bands  when  chromatographed  one  dimen¬ 
sionally  in  an  ascending  technique  using  several  different  solv'ent  systems 
(1).  The  percentages  of  radioactivity  in  the  bands  other  than  NaP®'  are 
reported  to  increase  rapidly  upon  storage,  and  it  is  reported  that  addition 
of  cysteine  or  NaP^^  to  the  NaP®'  solutions  converges  the  extraneous 
bands  into  the  NaP®'  band  (1).  Studies  on  the  uptake  of  the  NaP®'  and  of 
the  major  extraneous  band  solution  by  thyroids  in  day-old  chicks  are  re¬ 
ported  to  show  that  20%  of  radioactivity  from  the  injected  extraneous 
band  solution  is  collected  in  the  thyroid  in  contrast  to  the  60%  uptake  of 
XaP^'  (1).  The  present  report  is  concerned  with  the  effect  of  oral  or  pa¬ 
renteral  iodine  (Nal'^’)  and  of  cysteine  on  the  uptake  of  NaP®'  and  of  the 
major  extraneous  band  solution  by  the  thyroid  gland  of  day-old  chicks 
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METHODS 

Isolation  of  the  extraneous  band 

Nal*”  solutions  (furnished  by  Abbott  Radio-Pharmaceuticals,  Oak  Ridge,  Tennes¬ 
see  or  by  E.  R.  Squibb  and  Sons,  New  Brunswick,  New  Jersey)  were  stored  for  two  to 
three  weeks  at  room  temperature.  Several  microcuries  of  this  solution  were  spotted  on 
sheets  of  Whatman  Xo.  1  filter  paper  (15  inches  X 15  inches)  and  developed  one  di¬ 
mensionally  in  an  ascending  technique  using  n-Butanol  saturated  with  3X  XH4()H. 
After  20  hours,  the  chromatograms  were  air-dried  and  radioautographed.  The  location 
of  the  XaP*‘  band  on  the  radioautograms  was  determined  by  running  control  strips 
spotted  with  a  solution  of  0.5  mg.  Xal*'*'  and  developed  under  the  same  conditions. 
The  XaP’’  band  was  detected  by  dipping  the  strip  in  a  solution  of  ammoniacal  silver 
nitrate.  The  extraneous  band,  which  moves  slightly  faster  than  the  XaP’‘  band,  was 
cut  out  in  fifteen  inch-long  strips  and  the  material  was  eluted  off  with  50%  alcohol.  The 
eluate  was  evaporated  under  nitrogen  to  a  concentration  of  5  rnicrocuries/ml. 

Uptake  studies  on  chicks 

Day-old  chicks  (New  Hampshire  Males X Single  Comb  White  L(‘ghorn  Females) 
were  obtained  from  fertile  eggs  received  from  the  experimental  poultry  farms  of  Texas 
A  and  M  College,  College  Station,  Texas,  or  were  purchased  from  Kazmeier-Sherrill 
Hatchery,  Bryan,  Texas.  Chicks  were  given  water,  but  no  feed,  and  were  injected  with 
either  1  microcurie  amounts  of  the  extraneous  band  or  with  1  microcurie  of  fresh  solu¬ 
tion  of  X'aP^*  (received  from  .\bbott  Radio-Pharmaceuticals,  Oak  Ridge,  Tennessee, 
and  found  to  contain  over  90%  of  the  radioactivity  in  the  XaP^‘  band).  At  the  end  of 
24  hours,  the  animals  were  drowned,  their  thj’roids  removed,  and  the  collection  of 
radioactivity  was  determined  by  the  u.se  of  a  well-counter. 

RESULTS  AXD  DISCUSSION 

In  the  work  reported  previou.sly  (1)  Xal'®^  was  isolated  by  eluting  the 
Xal‘®‘  band  obtained  from  the  paper  chromatograms  of  stored  XaP*'  .solu¬ 
tions.  The  eluate  was  then  concentrated  under  nitrogen.  Sodium  iodide- 
obtained  by  this  procedure  was  rechromatographed  and  radioauto¬ 
graphed.  The  results  showed  that  10  to  15%  of  the  total  radioactivity  was 
present  in  the  extraneous  band  probably  due  to  the  conversion  of  XaP®' 
into  the  extraneous  band  during  elution,  concentration  and  chromatog¬ 
raphy.  However,  several  batches  of  fresh  solutions  of  Xal*^*  (received  from 
Abbott  Kadio-Pharmaceuticals,  Oak  Ridge,  Tennes.see)  upon  chromatog¬ 
raphy  and  radioautography  showed  over  90%  of  the  radioactivity  in  the 
X^al*®*  band.  Thus,  studies  were  conducted  to  determine  the  uptake  of 
fresh  solutions  of  Abbott  XaP®*,  the  Xal*®'  isolated  from  paper  chromato¬ 
grams  of  stored  XaP®‘  solutions  and  the  extraneous  band  solutions  by  the 
thyroid  glands  of  day-old  chicks  obtained  from  Texas  A  and  AI  eggs.  It  is 
apparent  from  the  results  of  these  studies  presented  in  Table  1  that  fresh 
solutions  of  Abbott  XaP®*  give  about  the  same  uptake  as  the  Xal‘®‘  .solu¬ 
tions  isolated  from  paper  chromatograms  of  stored  Xal'®‘.  Further,  almost 
three  times  more  radioactivity  of  the  Xal'®'  solutions  is  collected  in  the 
thyroid  gland  as  compared  to  the  extraneous  band  solutions. 

The  results  on  the  effect  of  iodine  supplement  in  the  diet  of  the  pullets  on 
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Table  1.  Effect  of  injecting  fresh  solutions  of  Abbott  Nal‘’‘  or  the  isolated 

NaP’*  SOLUTIONS  OR  THE  EXTRANEOUS  BAND  SOLUTIONS  UPON  THE  THYROID 
I'PTAKE  BY  DAY-OLD  CHICKS  OBTAINED  FROM  TexAS  A  AND  M  EGGS 


Nature  of  I‘’‘  injected* 

No.  of  chicks 

%  thyroid  uptake  of  1*^' 

Nal*’*  fresh,  Abbott 

0 

55  ±  5* 

Nal*’*  isolated 

5 

50  +  9 

Extraneous  band 

9 

22  ±5 

*  Chicks  were  given  water,  hut  no  feed  and  were  injected  intraiieritoneally  one  niicrocurii* 
)f  I”'  (5  microcurie/ml.),  and  the  thyroids  were  removed  after  24  hours. 

*  Mean  +  standard  deviation  of  the  mean. 


the  thyroid  uptake  of  Nal'®'  by  chicks  obtained  from  tliese  pullets  are 
shown  in  Table  2.  It  is  apparent  from  the  results  that  the  chicks  obtained 
from  pullets  receiving  0.4  p.p.m.  of  iodine  in  the  diet  showed  an  uptake  of 
,*)7%,  while  the  chicks  obtained  from  pullets  receiving  4  p.p.m.  iodine  in  the 
diet  had  an  uptake  of  9%.  Rogler  el  al.  (2)  have  reported  an  increase  also 
in  the  Xal'®‘  uptake  by  the  embryonic  thyroid  in  eggs  from  iodine-defi¬ 
cient  hens.  Since  the  chicks  obtained  from  eggs  furnished  by  A  and  M 
College  of  Texas  showed  a  higher  uptake  of  Xal'®',  these  were  used 
throughout  the  present  study. 

The  effect  that  different  levels  of  iodine  in  the  chicks’  diets  had  on  the 
tigroid  uptake  of  Xal‘®‘  by  .4-day  old  and  7-day  old  chicks  was  studied 
(Table  3).  The  results  indicate  no  significant  lowering  of  uptake  of  Xal'^‘ 
by  chicks  maintained  on  water  without  food.  There  was  a  gradual  de- 
crea.se  in  the  XaP®*  uptake  by  chicks  receiving  an  iodine-deficient  diet 
whereas  the  chicks  receiving  Purina  Growena,  or  the  iodine-supplemented 
deficient  diet,  showed  a  rapid  decrea.se  in  the  XaP®'  uptake  by  the  thyroid 
gland. 

The  re.sults  on  the  effect  of  dosage  of  Xal*®',  and  of  the  extraneous  band 
solution,  upon  the  uptake  by  the  thjroid  gland  of  day-old  chicks  are 
pre.sented  in  Table  4.  From  the.se  results,  it  is  apparent  that  the  uptake  of 
the  extraneous  band  solution  is  lower  than  the  X^al'^'  for  all  the  three 
dosage  levels  tested. 

The  results  on  the  effect  of  injecting  XaP^'  upon  the  thyroid  uptake  of 
XaP®'  or  of  the  extraneous  band  solution  by  day-old  chicks  are  plotted  in 


Table  2.  Effect  of  iodide  sufple.ment  in  pullets’  diets  on  the 

THYROID  UPTAKE  OF  Nal'”  BY  DAY-OLD  CHICKS 


Source  of  chicks 

%  thyroid 2  uptake 
of  Nal‘3‘ 

Texas  A  and  M  College 
Kazmeier-Sherrill  Hatchery 

0.00004  9 

0.0004  9 

57  +  0 .  U 
9+2.2 

'  .\U  the  iodine  analyses  throughout  the  present  report  were  conducted  by  Dr.  Uarl 
Tiedcke,  Laboratory  of  Microchemistry,  705  George  Street.  Teaneck,  New  Jersey. 

*  Chicks  were  injected  intraperitoneally  1  microcurie  of  NaU”  (5  microcuricB/ml.)  and 
the  thyroids  were  removed  after  24  hours. 

’  Mean  +  standard  deviation  of  the  mean. 
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Table  3.  Effect  of  iodide  ix  the  chicks’  diets  ox  the  thyroid  uptake  of 

Nal*’*  BY  CHICKS  OBTAIXED  FROM  TeXAS  A  AXD  M  EGGS 


%  Thyroid*  uptake  of  Nal'** 


Diet 

%  iodine  in 
the  diet 

No.  of 
chicks 

'.IIS',' 

.\fter  7 
days 

Starved 

N  one 

18 

50±2.7(6)’  51  ±8.8(0) 

DEAD 

Purina  Clrowena 

0.00042 

12 

17+0.1  (0) 

8  +  1.2  (0) 

Iodine  Deficient^ 

O.OOOOti 

12 

40  +  0.0  (0) 

28  +  1.2  (0) 

Iodine  Deficient' -|- 
0.0005%  iodine 

0.00050 

12 

14  ±7.0  (0) 

7  ±2.2  (0) 

*  Iodine  deficient  diet  was  olitained  from  Nutritional  Biochemical  Company,  Cleveland, 
Ohio. 

*  Chicks  were  injected  intraperitoneallj’  1  microcnrieof  Nal*’*  (5  microcuries/ml.)  and  the 
thyroids  were  removed  after  24  hours. 

*  Mean  ±standard  deviation  of  the  mean.  Numbers  in  parentheses  indicate  the  number 
of  chicks. 


Figure  1.  One  microcurie  of  or  of  the  extraneous  band  solution  was 

injected  intraperitoneallj'.  Different  levels  of  NaP^'  were  injected  con¬ 
comitantly  hut  into  different  injection  sites.  The  administration  of  in- 


Fig.  1.  Effect  of  injecting  Xal‘*^  on  the  thyroid  uptake  of  XaP”  or  the  extraneous 
hand  by  day-old  chicks  obtained  from  Texas  A  and  M  eggs.  One  microcurie  of  XaP” 
or  the  extraneous  band  (5  microcurie/ml.)  was  injected  intraperitoneallj’.  Xal'*'  oi 
cysteine  HCI  (Fig.  2)  was  injected  intraperitoneally  at  the  same  time,  but  at  different 
sites.  The  number  in  the  parenthesis  indicate  the  no.  of  chicks  and  +  the  standard 
deviation  of  the  mean. 
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Tabi-e  4.  Ekkect  ok  dosage  of  Nal'^'  or  the  extraneous  band  on  the  thyroid 

UPTAKE  BY  CHICKS  OBTAINED  FROM  TeXAS  A  AND  M  EGGS 


.\ mount  of  Nal'” 
injected 

%  thyroid  uptake 

Amount  of  extraneous 
band  injected 

%  thyroid  uptake 

1  microcurie 

.')()  +  10.4  (3)‘ 

1  microcuric 

24  +  1.0  (5)2 

0..')  microcurie 

.53+  7.0(4) 

0.5  microcurie 

23  +  2 . 1  (5) 

0.1  microcurie 

55  ±  0.8(4) 

0 . 1  microcurie 

23+4.4  (5) 

*  Numbers  in  parentheses  indicate  the  no.  of  day-old  chicks. 
2  Mean  ±  standard  deviation  of  the  mean. 


creasing  levels  of  NaP-'  decreases  the  uptake  of  NaP®‘,  while  there  is  an 
initial  rise  in  the  uptake  of  the  extraneous  hand  solution  when  the  chicks 
are  injected  with  2  to  o  mK-  of  XaP-h  The  increase  in  uptake  of  the  ex¬ 
traneous  hand  solution  obtained  hy  the  simultaneous  injection  of  NaP-' 
may  he  due  to  a  partial  conversion  of  the  extraneous  hand  solution  into 
XaP®‘  (1).  Experiments  were  also  conducted  using  2  pg.  of  X^aP-'  injected 
2  hours  before  the  extraneous  hand  solution.  In  this  instance  the  uptake 
was  increased  to  29%. 

The  thyroid  uptake  of  X^aP^*  or  the  extraneous  hand  solution  appears  to 
he  enhanced  hy  the  administration  of  1  to  10  mg.  of  cysteine  hydro¬ 
chloride  (Fig.  2).  One  microcurie  of  XaP^*  or  of  the  extraneous  hand  solu¬ 
tion  was  injected  intraperitoneally  and  supplements  of  cysteine  hydro- 


Fig.  2.  Effect  of  injecting  cysteine  HCl  on  the  thyroid  uptake  of  \al*^*  or  the  e.x- 
traneous  band  bj'  daj'-old  chicks  obtained  from  Texas  A  and  M  eggs.  The  numbers  in 
parentheses  indicate  the  no.  of  chicks  and  +  the  standard  deviation  of  the  mean. 
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chloride  were  injected  concomitantly  but  into  different  injection  sites 
Studies  were  conducted  on  the  effect  that  injecting  20  mg.  cysteiia 
hydrochloride  2  hours  before  the  administration  of  either  XaP®^  or  of  th( 
extraneous  band  solution  has  upon  the  thyroid  uptake  by  day-old  chicks 
The  results  showed  the  same  uptake  as  obtained  when  both  were  adminis¬ 
tered  simultaneously.  The  increase  in  uptake  of  Xal'®^  by  the  chick: 
receiving  cysteine  hydrochloride  may  be  due  to  the  sulfhydryl  moiety  of 
cysteine  protecting  the  X’al‘®‘  from  conversion  to  the  extraneous  band, 
however,  the  increase  in  the  uptake  of  the  extraneous  band  after  admin¬ 
istration  of  cysteine  may  be  due  to  the  partial  conversion  of  the  extraneous 
band  into  the  X"al'®*  (1). 
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Oregon  Medical  School,  Portland,  Oregon 

ABSTRACT 

Bilateral  electrolytic  destruction  of  the  amygdala  in  male  rats  does  not 
significantly  interfere  with  thyrotropin  or  corticotropin  secretion  hj"  the  pitui¬ 
tary,  but  gonadotropin  production  appears  definitely  reduced.  The  amygdalec- 
tomized  rats  were  adipsic  and  aphagic. 

There  is  ample  evidence  at  present  to  indicate  that  pituitary  secre¬ 
tion  is  modulated  by  the  central  nervous  system.  Although  most 
studies  have  concentrated  on  the  hypothalamus,  and  there  is  convincing 
evidence  that  this  area  is  of  first  rank  importance  in  (mntrolling  hypo¬ 
physial  function,  other  areas  of  the  brain  have  also  been  implicated.  In 
particular,  recent  studies  from  various  laboratories  (1-7)  have  indicated 
that  that  part  of  the  rhinencephalic-limbic  system  known  as  the  amygdala 
is  of  importance  to  gonadotropic  and  corticotropic  function. 

Because  of  these  reports  and  our  continuing  interest  in  the  neural  control 
of  pituitary  function,  it  was  decided  to  investigate  the  effect  of  bilateral 
destruction  of  the  amygdala  on  endocrine  function  in  the  rat,  concentrat¬ 
ing  particularly  on  the  secretion  of  thyrotropin. 

MATERIALS  AXD  METHODS 

.\didt  male  Holtzman  rats  wore  used.  The  amygdala  was  destroyed  bilaterally  by 
eleetrolytic  lesions  made  with  a  stereotaxic  instrument  (8).  Thirty  separate  electrode 
insertions  were  performed  in  each  animal  and  a  direct  current  of  6  ma.  for  15  seconds 
was  utilized  with  each  insertion.  Five  days  postoperatively  30  mg.  of  propylthiouracil 
(PTU)  in  10%  gum  acacia  were  injected  subcutaneously  daily  at  rotated  sites.  X  second 
group  of  animals  received  PTU  but  had  no  lesions,  while  a  third  group  served  as  un¬ 
treated  controls. 

All  force-fed  animals  were  given  a  fluid  mixture  containing  200  parts  canned  milk, 
100  parts  Karo  syrup  and  12  parts  essential  amino  acid  mixture  (Essenamine®,  Win- 
throp-Stearns)  twice  daily  by  stomach  tube.  control-fed  group  of  rats  had  its  diet  re¬ 
stricted  so  that  the  weight  curve  approximated  that  of  the  amygdalectomized  group. 

At  autopsy,  thyroid,  adrenals,  thymus,  and  testes  were  dissected  and  weighed  on  a 
torsion  balance,  then  fixed  in  10%  formalin.  The  brains  and  pituitarics  of  the  amygdal- 
ectoniized  rats  were  fixed  in  situ  in  the  unroofed  skull.  Serial  sections  of  the  brain  were 
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made  at  10  n  and  every  10th  section  was  mounted  and  stained  with  toluidine  blue. 
Testes  were  sectioned  at  10  n  and  stained  with  H  &  E. 

RESULTS 

Following  destruction  of  the  amygdala  the  animals  stopped  eating  and 
drinking  completely,  possibly  because  of  some  extension  of  the  lesions  to 
the  lateral  hypothalamus  wherein  are  located  the  ‘‘feeding”  and  “drink¬ 
ing”  centers.  Because  of  this  it  was  nece.ssary  to  force-feed  the  animals 
twice  daily  and  to  inject  them  with  10-15  ml.  of  physiologic  saline  daily 
intraperitoneally.  On  days  6-8,  force-feeding  and  saline  injections  were 
discontinued  to  see  if  the  animals  would  resume  normal  eating  and  drink¬ 
ing  behavior.  The  rapid  weight  loss  associated  with  their  failure  to  do  so 
(Fig.  1)  nece.ssitated  re.'^umption  of  gavage  and  saline. 

Not  only  did  the  animals  .stop  eating  and  drinking  but  they  also  lost  all 
interest  in  esthetic  values.  They  stopped  cleaning  themselves  and  their 
coats  and  tails  became  matted  with  thick  brownish  material  and  remnants 
of  feces.  They  were  quite  docile  throughout  the  experiment  but  not  notice- 


Fig.  1.  Weight  curves  of  experimental  animals,  expressed  as  mean  and  standarc' 
error.  PTU  =  propylthiouracil,  30  mg.  daily  subcutaneously.  Lesion  =  bilateral  elec¬ 
trolytic  destruction  of  the  amygdala.  The  amygdalectomized  group  was  force-fed  a  syn¬ 
thetic  diet;  the  other  two  groups  were  fed  Purina  laboratory  chow  ad  lib.  The  “Lesioi 
and  PTU”  group  contained  11  animals,  the  “PTU  Control”  Group  5  animals,  and  th- 
“Untreated  Control”  Group  7  animals.  Amygdalectomy  was  on  day  1. 
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ably  more  so  than  the  control  animals.  However,  they  did  appear  to  exhibit 
less  spontaneous  mov'ement  than  the  control  rats.  There  was  no  evidence 
of  “sham  rage”  or  hypersexuality. 

Because  the  lesioned  animals  lost  some  weight  in  spite  of  vigorous 
exogenous  dietary  care  (Fig.  1),  organ/body  weight  is  expressed  in  refer¬ 
ence  to  the  weight  of  the  animals  at  the  start  of  the  experiment  rather  than 
at  autopsy.  Some  of  the  experimental  animals  failed  to  survive  until  the 
originally  scheduled  day  of  autopsy. 

Thyroid  weight  averaged  about  5  mg./lOO  gm.  in  the  untreated  control 
group  but  increased  to  10-14  mg.  after  9-10  days  administration  of  PTU 
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Fig.  2.  Thyroid  weights  at  autopsy  of  the  3  experimental  groups  in  Figure  1.  Thyroid 
/body  weight  is  expre.ssed  in  reference  to  the  weight  of  the  animals  at  tlie  start  of  the 
experiment. 


in  both  the  lesioned  and  control  animals  (Fig.  2).  The  thyroids  were 
slightly  smaller  in  the  lesioned  animals,  but  when  calculated  on  the  basis  of 
final  body  weight  there  was  no  difference  between  the  thyroid  weights  of 
the  lesioned  and  control  animals. 

The  adrenal  glands  in  the  lesioned  rats  gradually  increased  in  size  after 
surgery  and  reached  a  maximum  value  about  El  days  postoperatively, 
then  declined  slightly  (Fig.  3).  Some  reservation  mu.st  be  attached  to  the 
interpretation  of  the  apparent  curve  of  change  in  adrenal  size  since  the 
number  of  animals  involved  is  rather  small.  Thymic  involution  was  noted 
in  all  lesioned  animals. 

An  interesting  finding,  particularly  when  related  to  earlier  studies  on 
reproductive  changes  cau.sed  by  stimulation  or  destruction  of  the  amygdala 
was  the  gradual  decrease  of  the  weight  of  the  testes  in  our  experimental 
animals  when  compared  with  both  control  groups  (Fig.  4,  5).  Microscopi- 
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Fig.  3.  Adrenal  weights  at  autopsy  of  the  3  experimental  groups  in  Figure  1.  Adrenal 
/body  weight  is  expressed  in  reference  to  the  weight  of  the  animals  at  the  start  of  the 
experiment. 

(•ally  they  showed  considerable  tubular  atrophy  with  greatly  reduced  forma¬ 
tion  of  spermatozoa  and  a  slight  reduction  in  the  number  of  Leydig  cells 
(Fig.  (),  7).  These  changes  were  not  as  marked  as  those  found  in  rats 
hypophysectomized  for  a  comparable  length  of  time  (Fig.  8).  The  diet- 
restricted  control  rats  did  not  exhibit  this  rather  pronounced  testicular 
atrophy  (Fig.  9). 

Brain  sections  showed  complete  or  almost  complete  destruction  of  the 
entire  amygdaloid  complex  bilaterally,  with  only  slight  encroachment  of 
the  lesions  in  some  animals  into  the  lateral  hypothalamus  (Fig.  10,  A-D). 
The  pituitaries  were  not  damaged,  although  no  specific  cytologic  stains 
were  made. 

DISCUSSION 

Previous  studies  involving  destruction  or  electrical  stimulation  of  the 
amygdala  have  indicated  that  this  complex  is  of  some  importance  in  the 
control  of  gonadotropic  activity  of  the  pituitary  gland  (1-5)..  In  the  present 
investigation,  it  was  found  that  the  testes  were  much  smaller  in  the  le- 
sioned  animals  than  in  either  the  PTU  or  untreated  control  groups.  It  is 
well  known  that  malnutrition  will  cau.se  a  decrease  in  gonadotropic  activity 
of  the  pituitary  (9,  10)  and  thus  the  decrea.sed  testis  size  might  be  related 
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Fig.  4.  Weight  of  testes  at  autopsj'  of  the  3  e.xperiinental  groups  in  Figure  1 .  Testes 
/body  weight  is  expressed  in  reference  to  the  weight  of  the  animals  at  the  start  of  the 
experiment. 


Fig.  5.  Testes  and  seminal  vesicles  of  16-day  postoperative  amygdaleetomized 
rat  on  the  left  compared  with  those  of  a  normal  control  on  the  right. 
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P'lG.  8.  Testis  of  rat  hypophysoctoinized  for  14  days  (XlOo) 


O-Fed  ad  lib 
•  -Diet  restricted 


Fig.  9.  Body  and  testis  weight  of  rats  on  a  diet  restricted  so  as  to  make  their  weight 
curve  similar  to  that  of  the  amygdalectomized  animals  compared  with  their  normal 
ad  lib.-iod  controls.  Figures  in  parentheses  compare  bodj'  weight  with  that  at  the  be¬ 
ginning  of  the  experiment. 
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to  this  non-specific  effect.  However,  animals  with  food  intake  restricted  so 
that  their  weight  curves  corresponded  to  the  amygdalectomized  rats  did 
not  show  any  significant  reduction  in  testicular  size.  It  therefore  appears 
plausible  that  the  testicular  atrophy  reported  herein  might  be  related  to 
the  ab.sence  of  a  functioning  amygdaloid  complex  which  is  necessary  for  the 
adequate  .secretion  of  gonadotropins. 

Two  possible  alternatives  might  be  suggested  as  a  cause  of  the  increa.sed 
adrenal  weight  in  the  lesioned  animals;  (1)  The  hypertrophy  was  merelj" 
due  to  operative  stress  and  treatment  with  PTU  and  had  no  specific  rela¬ 
tion  to  the  lesions  in  the  amygdala.  (2)  Certain  neural  centers  destroyed  by 
the  lesions  normally  inhibit  ACTH  production  and  their  destruction  re¬ 
sulted  in  an  increa.sed  secretion  of  ACTH  by  the  pituitary. 

Since  the  adrenals  became  smaller  after  reaching  a  maximal  value,  we 
feel  that  the  increased  adrenal  size  was  probably  a  non-specific  result  of  the 
experimental  procedure.  The  adrenal  hypertrophy  was  apparently  related 
to  increased  adrenocortical  secretion  since  thymic  involution  was  observed 
in  all  lesioned  animals.  It  is  of  intere.st  that  Martin  et  al.  (6)  have  also 
described  increased  adrenocortical  secretion  in  dogs  and  cats  subjected  to 
bilateral  removal  of  the  amygdala. 

Mason  (7)  has  found  that  a  marked  increa.se  in  the  17-hydroxycorticoid 
content  of  the  .serum  occurs  after  electrical  stimulation  of  the  amygdala  in 
primates.  Stimulation  of  contiguous  areas  in  his  experiments  did  not  pro¬ 
duce  a  similar  rise  of  blood  corticoids.  However,  the  present  results  indicate 
that  the  amygdala  is  not  e.s.sential  for  increased  ACTH  relea.se  in  the  rat. 

Thyrotropin  secretion  appeared  to  be  little  affected  by  destruction  of  the 
amygdala  as  the  goitrogenic  response  was  approximately  the  same  in  both 
the  lesioned  and  control  animals  administered  PTU.  This  observation  adds 
to  the  accumulating  bodj'  of  evidence  that  destruction  of  central  nervous 
system  centers  other  than  the  anterior  hypothalamus  does  not  appreciably 
interfere  with  thyrotropin  secretion. 

REFERENCES 

1.  Alonso-Dkflokida,  F.  and  .1.  M.  Delgado:  Am.  J.  Physiol.  193:  223.  1958. 

2.  Faure,  J.,  R.  Quilicmini  and  .1.  Gueyne:  J.  Physiol.,  Par.  48:  531.  19.56. 

3.  Koikegami,  H.,  T.  Yamada  and  K.  Usui:  Folia  psychiat.  el  neurol.  japonica  8:  7. 
19.54. 

4.  Koikegami,  H.,  S.  Fuse,  T.  Yokovama,  T.  Watanabe  and  H.  Watanabe:  Folia 
psychiat.  et  neurol.  japonica  8  :  336.  19.54. 

.5.  Shealy,  C.  N.  and  T.  L.  Peele:  J.  Xeurophysiol.  20:  125.  1957. 

6.  Martin,  ,1.,  f].  Endroczi  and  G.  Bata:  .Ida  physiol,  hung.  14:  131.  1958. 

7.  Mason,  .1.  W.:  .4 to.  J.  Physiol.  196:  44.  19.59. 

8.  Greer,  M.  .\.,  C.  Mencken  and  K.  T.  Bolen:  Proc.  Soc.  Exper.  Biol.  &  Med.  89: 
480.  19.55. 

9.  Mulinos,  M.  G.  and  L.  Pomerantz:  J.  Xutrit.  19:  493.  1940. 

10.  Stephens,  D.  .1.  and  \V.  M.  .\llen:  Endocrinology  28:  ,580.  1941. 


PURIFK^ATION  OF  SHEEP  PITUITARY  FOLLKT.E- 
STIMULATING  HORMONE  (FSH)  BY  ION 
EXCTiANGE  CHROMATOGRAPHY  ON 
DIETHYLAM INOETHYL  (DEAE)- 
C’ELLULOSE' 

M.  C.  WOODS  AM)  M.  E.  SIMPSON 

Institute  of  Experimental  Biologi/  and  The  Department  of  A  natomij,  I'nii'ersity  of 
California  Sehool  of  Medicine,  San  Franciseo,  California 

ABSTRACT 

Preparations  of  sheep  FSII  have  been  made  by  extraetion  of  ground  whole 
pituitaries  with  40%  etlianol,  fraetionation  with  (\H4)>S()4,  an<l  anion  ex¬ 
change  column  chromatography  on  DEAE-cellulose  at  i)H  7  in  phosphate  buf¬ 
fer.  The  most  advantageous  removal  from  the  eolumn  of  biologically  active 
contaminants  and  the  bulk  of  the  protein  was  with  0.030M  phosphate  buffer. 
Thereafter  the  FSH  was  removed  optimally  with  O.OOOM  phosjjhate.  Subse¬ 
quent  refraetionation  with  (NH4)2S04  further  increased  the  potenc}-  of  FSH 
to  a  minimal  effective  dose  (MED)  of  1.7  //g.  (On  times  the  potency  of  .Vrmour 
Standard  FSH  264-1 51 X).  This  final  FSH  preparation  showed  contamination 
with  ICSH  (LH)  judged  by  repair  of  interstitial  tissue  in  the  hypophysecto- 
mized  female  rat  at  70  times  this  MED,  and  at  85  times  the  MED  judged  by 
response  of  the  ventral  prostate  (100%  increase  in  weight)  in  immature  hyjioph- 
ysectomized  male  rats.  The  follicle-stimulating  activity  as  well  as  this  ratio 
between  FSH  and  ICSH  was  improved  above  any  previously  reported  for 
preparations  from  sheep  pituitary.  Evidence  of  estrogen  secretion  was  seen  at 
much  lower  levels  than  interstitial  repair;  estrous  distension  occurred  at  15 
times  the  MED  for  FSH;  luteinization  of  follicles  occurred  at  a  dosage  20  times 
the  MED  for  FSH. 

ALTHOUGH  considerable  progress  has  been  reported  during  the  past 
L  20  years  in  the  purification  of  sheep  pituitary  FSH,  there  is  a  con¬ 
tinuing  need  to  improve  both  the  chemical  and  biological  purity.  Prepara¬ 
tions  have  been  described  varying  in  minimal  effective  doses  in  hypophy- 
sectomized  rats  from  50-100  /xg.  (1,2)  to  2. 5-3.0  /xg.  (3-5).  The  preparations 
with  greatest  potency  were  physico-chemically  heterogeneous,  while  less 
potent  ones  were  reported  to  be  homogeneous  (1,  6).  Attention  has  been 
called  by  Raacke  et  al.  (7)  to  the  unreliability  of  physico-chemical  criteria 
in  judgement  of  ultimate  purity  of  the  latter  preparations;  on  further  puri¬ 
fication  the  hormonal  activity  was  not  found  associated  with  the  main  pro¬ 
tein  component. 
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The  principal  l)iologically  active  contaminant  of  FSH  has  been  inter¬ 
stitial  cell  stimulating  hormone  (ICSH  or  LH).  The  presence  of  ICSH  was 
shown  when  preparations  from  sheep  pituitary  were  administered  in  dos¬ 
ages  10  to  40  times  the  Mhd)  for  FSH  (8,  8,  9). 

The  earlier  efforts  to  purify  sheep  FSH  utilized  techniques  of  isoelectric 
precipitation  and  differential  solubility  in  salt  solutions  and  organic  sol¬ 
vents  (1,  8,  8-11).  Recent  attempts  have  applied  ion  exchange  adsorbents 
Amberlite  IRC-oO  (12,  1.3),  diethylaminoethyl  (I)FAK)-cellulose  (4,  o,  14, 
l.o),  and  hydroxylapatite  (.5).  The  present  communication  deals  with  the 
use  of  DF.VIvcellulose  in  the  purification  of  sheep  FSH  previously  concen¬ 
trated  and  fractionated  by  ammonium  sulfate  precipitation  (1.5). 

METHODS 

liioasHan  procedures 

both  in  the  biological  standardization  for  FSH  jjotcncy  and  for  other  pituitary  hor¬ 
mones  as  contaminants  use  was  made  of  immature  hyi)o|)lij  sectomized  rats  of  the  Long- 
F.vans  strain.  FSH  was  determined  In-  the  method  of  Evans  et  al.  (lb,  17).*  C'ompari- 
sons  of  FSH  i)oteney  were  also  made  with  .Vrmour  Standard  FSH  204-1. 51 X  and  XIH- 
FSH-Sl.*  The  K'SH  contamination  of  the  purified  FSH  |)re])arations  was  determined  by 
assay  in  bunale  rats  by  the  method  of  Evans  et  nl.  (10),  and  also  in  male  rats  by  the 
ventral  prostate  method  of  (Ireej)  et  nl.  (19,  20).^  Comparisons  of  ICSH  potency  were 

*  The  MED  for  FSH  was  the  minimal  total  dose  among  a  .series  of  graded  dosages  ad¬ 
ministered  subcutaneously  to  hvijophysectomized  immature  female  rats  whieh  during 
72  hours  caused  microscoj)ically  measurable  follicular  development  with  beginning 
antrum  formation  (an  increase  from  a  follicular  diameter  of  .37.5  p  to  4.50-.500  p)  in  two- 
thirds  of  the  rats  tested.  The  data  obtained  from  the  dose  range  which  initiated  fol¬ 
licular  develoi)ment  in  0  to  100%  of  the  experimental  group  (average  9  rats  per  dose 
h'vel)  vvere  analyzed  statistically  as  a  quantal  response  (18).  Dosage  was  regarded  as  the 
inde|)endent  variable  and  the  i)er  cent  of  individuals  at  each  dose  which  had  follicular 
dev('loi)ment  as  the  dependent  variable.  In  this  situation,  a  normal  distribution  of  log- 
thn'shold  dose  was  found  to  api)ly.  The  effective  dose  for  follicular  development  in 
07%  of  the  test  animals  (ED07),  as  determined  graphically  from  the  plot  of  the  probit 
of  per  cent  response  to  the  log-dose,  was  found  to  eorrespond  to  the  MED  commonly 
determined  by  em])irical  observation.  The  potencies  (MED)  for  FSH  reported  in  this 
pai)er  were  check(‘d  graphically  as  the  ED07,  and  the  confidenee  limits  were  determined 
at  a  low(>r  limit  of  .5%  response  (ED5)  and  an  upper  limit  of  9.5%  response  (ED9.5).  Tin- 
index  of  i)recision  (the  reeijirocal  of  the  slope  of  probit  plotted  against  log-dose)  for 
eleven  purified  FSH  i)rej)arations  averaged  lambfla  =0.001  (range  0.038  to  0.082). 

®  .Vrmour  .Standard  FSH  204-1.51  X  was  provided  through  the  eourtesj'  of  the  bio¬ 
chemistry  Research  Departnumt,  .\rmour  Pharmaceutical  Company.  XIH-FSH-Sl  wa^ 
a  gift  of  the  Endocrinology  Study  Section,  National  Institutes  of  Health,  bethesda,  Md. 

*  Contamination  with  ICSH  was  considered  to  be  present  at  the  minimal  dose  among 
a  series  of  graded  dosages  administered  intraperitoneally  to  hypophysectoniized  female 
rats  which  during  72  hours  caused  rej)air  of  ovarian  interstitial  tissue  (nuclear  enlarge¬ 
ment  with  loss  of  p3-knosis,  and  expansion  of  cj'toplasm  with  increased  cosinophilia)  in 
two-thirds  of  the  rats  tested.  .\s  in  the  determination  of  the  MED  for  FSH,  the  assa\ 
data  for  ICSH  were  submitted  to  probit  analj'sis.  The  EDG7  was  determined  to  coincide 
with  the  empirical  MED.  In  this  case  the  probit  of  the  per  cent  of  individuals  responding 
with  interstitial  cell  repair  was  plotted  against  the  log-dose.  Confidence  limits  were 
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made  with  Armour  LH  227-SOA  (Irowth  liormono  was  dotormiiu'd  by  tho  til)ia  tost 
(22,  2d).  Thyrotrophic  (TSH)  and  adronocorticotrophic  (A('TH)  hormonal  activities 
were  determined  histolonieally  (24,  2.i).  Laeto^enie  liormone  was  determined  by  the 
local  crop  sac  method  in  ingeons  (26).  Antagonism  to  gonadotrojjhins  was  tested  by  tin* 
methods  i)revionsly  reported  (16,  27). 

Chemical  procedures 

The  extraction  of  acetone-dried  sheep  jutnitaries  with  40%  ethanol  was  earried  out 
at  25  to  27°  C.  All  other  fractionation  j)rocednres  were  condneted  in  a  refrigerated  bath 
or  cold  room  at  3  to  5°  C.  Fractions  from  solvent  or  salt  i)reci|)itation  or  from  chromato¬ 
graphic  separation  were  recovered  by  lyophilization  following  dialjsis.  A'ields  were  cal¬ 
culated  on  a  dry-w('ight,  salt-free  basis.  Protein  was  determined  by  ultraviolet  spectro¬ 
photometry  relative  to  tin*  starting  protein  fraction  so  that  recovery  of  fractions  from 
chromatography  was  estimated  in  terms  of  the  percent  of  total  ultraviolet  (276  m/i.)- 
absorbing  material  ajjplied  to  the  column.  Fractionation  with  (XH4)2S()4  was  made  at 
])H  5.0  to  5.3.  Satnrat(‘d  (XH4)2S()4  solution  was  added  dropwisc*  to  acpieons  protc'in 
solutions  to  produce  a  comamtration  of  2.()M  (XH4)2S()4;  solid  (XH4)2S()4  was  addc'd 
above  2.()AE  The  concc'ntrations  of  (XH4)2S()4  were  correett'd  for  volnnu'  ('xpansion. 
Diethylaminoethyl  ( 1)E.\IO)-C(‘llnlose  which  contained  0.45  m.  eq.  I)asic  groni)s  ])er  gm. 
was  prei)ared  according  to  Ellis  and  Sim])son  (2S).  Columns  of  DE.V E-cellulose  were 
prei)ared  for  chromatograi)hy  by  washing  at  room  temperature  successively  with 
IX  XaOH,  distilled  water,  and  0.005M  sodium  |)hosphate  bufft'r  (j)!!.  7)  to  an  eflluent 
pH  of  7.0;  subsecpumtly  the  columns  wen*  thoroughly  ecpiilibrated  with  the  same  buf- 
f('r  at  3  to  5°  ('.  Proteinase  1  activity  was  measured  by  the  nuAhod  of  Adams  and  Smith 
(29)  with  activation  of  enzyme  as  reported  by  Ellis  (14). 

RESULTS 

The  FSH  potency  of  whole,  frozen  sheep  pituitaries  was  first  eoneen- 
trated  loO  fold  by  the  use  of  (XH4)2S()4  by  methods  essentially  those  re¬ 
ported  by  .fen.sen  et  nl.  (S)  and  Fraenkel-Conrat  et  al.  (30).  The  ti.ssue  was 
ground,  dried  with  acetone  and  extracted  with  40%  ethanol.  The  40% 
ethanol  extract®  was  fractionated  to  recover  succe.ssively  the  material 
which  was  soluble  in  water  (pH  4.0  to  4.8),  insoluble  in  00%  acetone  (pH 
.).2),  .soluble  in  0.2M  XaCl  (pH  O.o  to  7.0),  and  insoluble  in  (XHi)2S()4 
between  the  limits  of  2.0  and  3.0M.  The  latter  fraction  was  subjected  three 
additional  times  to  fractionation  between  2.0  and  3.0M  (X'H4)2S()4,  keep¬ 
ing  the  protein  concentration  constant  at  0.7o%  protein  when  in  2.0M 


established  bctwccui  El)5  and  El)95.  The  average'  index  of  precision  for  sixtct'ii  prejea- 
rations  was  lambda  =0.084  (range  0.040  to  0.1.50). 

In  immature  hypoi)hysectomized  male  rats,  an  increase  of  100%  in  the  weight  of 
the  ventral  prostate  was  considered  as  significant  evidence  for  the  presence  of  ICSH  (20). 

®  .Vrmour  LH  227-80  was  provided  through  the  courtesj’  of  the  Biochemistry  Re¬ 
search  Department,  .\rmour  Pharmaceutical  Company. 

®  The  average  yield  from  40%  ethanol  extraction  was  35  gm.  per  kg.  of  aeetone-dried 
tissue  (8  gm.  per  kg.  of  original  wet  tissue).  The  MED  for  FSH  and  ICSH  was  the 
same:  125  to  2.50  pg.  Two  mg.  contained  0.15  lU  lactogenic  hormone;  contamination 
with  growth  and  th3rotrophic  hormones  was  approximately*  0.1%,  with  ACTH  less 
than  0.1%. 
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(XH4)2S04  solution.  During  the  procedure  the  fractions  precipitating  in 
2.0M  (XH4)2S04  and  remaining  insoluble  during  dialysis  were  discarded. 
The  yield  of  the  final  fraction  was  1.4  to  1.8  gm.  per  kg.  of  acetone-dried 
glands.  The  MKI)  for  FSH  was  14  ng.;  the  MED  for  ICSH  was  75  This 
preparation  contained  20  to  2o%  of  the  FSH  activity'  of  original  tissue. 
Contamination  with  each  of  the  other  anterior  pituitary  hormones  (growth, 
lactogenic,  thyrotrophic  and  adrenocorticotrophic)  was  less  than  0.1%. 

.\nion  exchange  column  chromatography  on  DEAE-cellulose  achieved  a 
further  3  to  6  fold  increase  in  FSH  potency.  Such  fractions  contained  8  to 
11%  of  the  dry-weight  or  of  the  ultraviolet-absorbing  material  applied  to 
the  column.  As  shown  in  the  chromatograms  in  Figure  1,  the  FSH  prepara¬ 
tion  was  applied  to  the  column  in  O.OOoM  phosphate  buffer  (pH  7.0)  at  a 
protein  load  of  15  mg.  per  ml.  of  adsorbent.  The  unadsorbed  material  was 
collected  and  pooled  as  fraction  A.  The  second  fraction  (B)  was  removed 
from  the  column  by  elution  with  phosphate  buffer  at  either  0.020M,  0.025M 
or  0.030M  phosphate  buffer.  Fractions  C  and  D  were  eluted  with  O.OOOM 
and  0.080M  phosphate  buffer  respectively.  Table  1  shows  that  the  column 
retained  all  of  the  FSH  activity  at  O.OOoM  phosphate  and  that  1%  or  less 
of  the  FSH  applied  could  still  be  recovered  in  fraction  D.  The  B-fractions 
contained  an  additional  5  to  10%  of  the  FSH  activity  applied  to  the  col¬ 
umn.  The  C-fractions  contained  the  major  portion,  50  to  05%,  of  the  FSH 
activity  and  10  to  12%  of  the  dry  weight  applied.  The  FSH  potency  of  the 
C-fraction  and  its  contamination  with  ICSH  were  dependent  on  the  con¬ 
centration  of  phosphate  with  which  the  B-fraction  was  removed.  The  most 
favorable  condition  for  elution  of  fraction  B  was  found  to  be  use  of  0.030M 
phosphate,  which  permitted  the  recovery  of  FSH  with  MED  of  2.9  /xg. 
(III-72C).  The  MED  for  ICSH  in  this  fraction  was  approximately  35  times 
the  minimal  dose  for  FSH.  After  elution  with  either  0.025  or  0.030M  phos- 


Tabi.e  1.  Yield  and  gonadotrophic  potency  of  fractions  obtained  from  deae-cel- 

LI  LOSE  CHROMATOGRAPHY  STARTING  WITH  FSH  PURIFIED  BY  (nH4)2S04  FRACTIONATION 

(1-111,  MF:n*  FSH  13.7  (10.0-16.1)  mK-,  MED*  ICSH  75  (65-85)  mk  ) 


Fraction  No.  ' 

Ccmcentration 
of  ehitinK  ; 
buffer  1 

M 

Vie 

Id  ! 

MED* 

IIIK.  kR.  of 
acetone-dricd 
tissue 

'  f  of 

FSH  in 
I-lll 

FSH 

MK- 

Potency 
coiiiparea  to 
Armour  151X** 

ICSH  mb. 

I11-40.A 

0.(X)5 

600 

<  1 

1  >  5(Ht 

260 (160-2901 

1 1  MOB 

:  0.020 

170 

5 

'  50  (30-  .58) 

1  ; 

4.50(300-4901 

III-40C 

1  0.060 

175 

50 

4.2  (3.1-  5,1)  1 

25X 

45 (  28-  55) 

III-40D 

0.080 

i  60 

1 

1  65  (52-  75)  1 

>1000 

III-25.A 

0.005 

1  600 

<  1 

>  500 

260(160-290) 

I1I-25B 

0.025 

:  150 

1  10 

1  14.3(11.5-17.0) 

1  50  (  30-  60) 

III-25C 

1  0.060 

'  150 

;  60 

1  4.3  (3.1-  5.1) 

25  X 

1  95  (  55-115) 

III-25D 

0.080 

70 

!  <  1 

250 

>250 

III-72.A 

0.005 

585 

i  <0,1 

>6000 

310  (270-375) 

11I-72B 

0.030 

170 

1  10 

17.0(14.0-19.0) 

1  165(135-400) 

III-72C 

0.060 

!  1.30 

65 

-  2.9(2.2-3.6) 

40  X 

105 (  55-145) 

♦  MED  corresponds  to  ED67  from  probital  analysis.  Confidence  interval  (ED5-ED95)  is  included  in  parentheses. 
**  In  hypophysectoinized  female  rats.  .Armour  Standard  FSH  264-151X  had  an  MED  for  FSH  of  110  (95-125)_mIz. 
MED  for  ICSH  contamination  was  130  (90-150)  mR.  (.Accordinn  to  Steelman  and  Pohley  (31).  this  .Armour  FSH 
Standard  contained  1%  of  the  LH  activity  of  Armour  LH  227-^  judged  by  the  ventral  prostate  test.) 
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Fig.  1.  Column  chromatonraphy  on  DE.VE-celluloso  of  sheep  FSH  concentrated  by 
(N'H4)2S04  fractionation.  2.0  gin.  quantities  of  fraction  1-111  (MED  FSH  14  p^., 
ICSH  75  p^.)  in  20  ml.  of  0.005M  sodium  phosphate  buffer,  j)H  7.0,  were  aitjdied  in 
each  case.  Column  dimensions  were  2.0X40  cm.  Elution  of  zones  as  indicated  was 
accomplished  at  +3°  C.  with  sodium  phosphate  buffers,  jtH  7.0,  at  a  flow  rate  of  9.5  to 
1 1  ml.  hr.“‘  cm.“*. 


phate,  contamination  of  the  C-fraction.s  was  less  than  0.1%  with  growth, 
lactogenic,  thyrotrophic  or  adrenocorticotrophic  hormones. 

Hechromatography  of  C-fractions  with  MKD  for  FSH  of  5  /xg-  on  DEAE- 
cellulo.se  using  gradient  elution  with  O.IM  phosphate  buffer  (pH  7.0) 
showed  that  the  product  at  this  stage  of  purification  was  chromatographi- 
cally  heterogeneous.  Considerable  loss  of  F'SH  activity  resulted  from  re¬ 
chromatography  and  with  no  improvement  in  the  specific  activity  of  FSH; 
only  20%  of  the  total  applied  activity  was  recovered. 
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All  additional  2  fold  concentration  of  F8H  activity  in  C-fractions  was 
accomplished  by  refractionation  in  dilute  aqueous  solutions  (0.075%)  by 
(XH4)2S04,  using  a  procedure  e.ssentially  the  same  as  described  by  Fraenkel- 
Conrat  el  al.  (3).  The  yields  and  gonadotrophic  potencies  recovered  from 
C-fractions  by  precipitation  at  2.4M  and  3.0M  (XH4)2S()4  are  shown  in 
Table  2.  The  F8H  potencies  in  the  fractions  soluble  in  2.4M  but  insoluble 
in  .3.0M  (XH4)2S04  were  approximately  doubled  and  the  contamination 
with  ICSH  was  halved;  7  to  14%  of  the  FSH  potency  of  the  original  tissue 
was  recovered  in  the  3.0M  (XH4)2S()4-insoluble  fractions.  A  fraction  was 
obtained  (IV-19F)  having  a  MED  for  FSH  of  1.7  mKm  which  represented 
a  1()00  fold  concentration  of  P'SH  activity  of  the  original  tissue;  the  yield 
was  55  mg.  per  kg.  of  acetone-dried  tissue  (14  mg.  per  kg.  wet  tissue).  The 

Table  2.  Yields  axd  gonadotrophic  potencies  derived  by  (XIDtsSOi  fractionation 
OF  THE  C-FRACTIONS  FROM  1  )KAE-CELLUL0SE  CHROMATOGRAPHY  OF  SHEEP  FSH 


(/onadotruphic  potency 


Derived  from 

Insoluble  in 

Per  cent  yield 
of  starting 

FSH 

U'SH  (LH) 

fraction 

MED* 

MK- 

Potency  compared  | 
with 

1  Potency  compared  with 
Armour  LH  227-80tt 

No.  MKD 
:  mK. 

2.4M 

3.0M 

1 

Weight 

FSH 

potency 

•Armour 

I51X 

_  '  MED*  (IP) 

1  MS- 

;  NIH-  ' 

IFSH-Slt; 

Interstitial 
!  repair 

1  (IP) 

I00*'c  IiH’reaw 
ventral  pros¬ 
tate  weight 

(suin'. ) 

III-IOC  4.2 

IV-lOE 

25 

5 

5.0  (3. 8-5. 8) 

>  50 

1 

IV-lOF 

45 

95 

2. 3(1. 9-2. 8) 

50X 

25X  35  (  25-  40) 

I  0.13X 

0.20X 

llI-25('  4.3 

IV-  7E 

25 

10 

5.0(3.8-5.81 

i  1  40  (  25-  60) 

W-  7K 

45** 

90 

2.6(2. 1-3.2) 

42X 

,  21X  28(  20-  35) 

0.16X 

0.I2X 

riI-72C  2.9 

IV-19E 

15 

10 

3. 6(2. 5-4. 2) 

:  160(115-200) 

1V.19F 

40 

65 

1.7  (1.2-2. 1) 

65X*** 

,  32X***  115  (  65-180) 

0.04X 

O.IOX 

•  MED  corresponds  to  ED67  from  probital  analysis.  Confidence  interval  (ED5-ED671  is  included  in  parenthe.ses. 

••  A  remaining  20*7  ^by  weight)  which  was  soluble  in  3.0M  (XH4>jS04  was  recovered  by  full  saturation  with  (XH4'>tS04  and  wati 
found  to  be  devoid  of  FSH  activity. 

***  .Augmentation  bioassay  in  I..ong*Evans  rats  under  the  conditions  of  Steelman  and  Pohley  (31)  showed  this  fraction  to  have  70 
times  the  potency  of  .Armour  Standard  FSH  264-151 X  and  31  times  the  potency  of  NIH-FSH-Sl  as  determined  simultanemisly. 

t  In  hvpophvsectomized  female  rats,  NIH-FSH-Sl  had  a  MED  for  FSH  of  55  (35-65)  and  the  MED  for  K.'SH  contamination 
was  2.50  (140-200) 

tt  Judged  by  assay  in  hypophysectomized  female  rats,  the  MED  for  I(\SH  of  .Armour  LH  227-HO  was  4.6  (3.6-5.5)  mK.  The  ventral 
prostate  of  hypophysectomized  male  rats  was  enlarged  100*7  at  13  mK*.  confirming  Steelman  and  Pohley  (31). 

MED  for  ICSII  was  115  mK-  This  preparation  was  contaminated  less  than 
0.1%  with  growth,  lactogenic,  thyrotrophic  or  adrenocorticotrophic  hor¬ 
mones.  At  all  stages  of  purification  of  the  40%  ethanol  extract  only  traces 
of  Proteina.se  I  activity  were  demon.strable,  even  after  incubation  for  24 
hours. 

Hemarkable  stability  of  FSH  has  been  ob.served  in  follicle-stimulating 
preparations  at  all  degrees  of  purity.  A  preparation  with  MED  for  FSH 
of  20  /xg.  made  by  the  method  of  Jensen  et  al.  (8)  was  stored  at  room  tem¬ 
perature  for  20  years  with  no  detectable  loss  of  FSH  potency.  Fraction 
III-25C  (MED  for  FSH  4.8  mS-)  when  stored  for  10  months  either  in  the 
lyophilized  form,  or  in  10%  aqueous  solution  in  0.9%  XaCl-2.0%  n-butanol 
both  at  5^*  C  or  when  frozen  with  occasional  thawing  and  refreezing,  also 
lost  no  potency.  Fractions  IV-lOF  and  IV-7F  (MED  for  FSH  of  2.8  and 
2.6  mK-)  were  stored  in  the  lyophilized  form  at  room  temperature  for  8 
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months  witliout  loss  of  FSH  potency.  The  potency  of  fraction  IV-19F  was 
determined  repeatedly  during  a  period  of  7  months  and  the  potency  re¬ 
mained  at  1.7  mK-  Steelman  and  Segaloff  (4)  found  40%  loss  of  potency  of 
lyophilized  sheep  FSH  after  storage  for  1  month,  and  of  75%  after  A 
months. 

Only  60  to  75%  of  the  total  FSH  activity  applied  to  the  DEAF-cellulose 
columns  was  recovered  during  the  chromatographic  separations  reported 
in  the  three  experiments  presented  in  Table  1.  When  rechromatographed, 
only  20%  of  the  initial  activity  was  recovered.  Since  there  was  no  indica¬ 
tion  of  loss  of  FSH  potency  on  dialysis,  lyophilization,  or  storage,  this  de¬ 
struction  apparently  occurred  on  the  column.  Loss  of  activity  on  rechro¬ 
matography  of  pig  (4)  and  human  (IH)  P’SH  on  DKAE-cellulose  has  l)een 
reported. 


Table  H.  Response  in  immatcke  hypophysectomized  i.ono-evans  hats 

TO  MLI.TIPI.ES  OK  THE  MEi)  FOR  SHEEP  FSH 


'  1 

t 

Multiple  of  .MED** 

Purificatitm 

MED*  1 
for  1 

Repair  of  ^ 
interstitial 
tissue  i 

(MKD  K'SIDj 

I’tertis 

Scattering 

procedure  * 

KSII  1 
MR-  ; 

SigniHcant  | 
weight  1 

in<Tease  | 

Kstrous 

distension 

and  luteini¬ 
zation  of 
granulosa  i 

ventral 

prostate 

weight 

(NH4)iS04 

Fractionation 

MU  ; 

1 

i:i.7 

5  j 

i  1 

1  1 

5 

10  1*0 

20 

DEAE-Cellulose 

m-4oc 

:  4.2 

11 

i  5 

:  9 

12 

35 

1II-25C 

4,3 

22 

'  6 

10 

9 

30 

III-72C 

2.9 

35 

7 

1  9 

9  1 

26 

(NHOjSO, 

1  IV-lOK 

2.3 

15 

3 

5 

8 

30 

Kollowinfi 

!  IV-  7F 

!  2.6 

12 

i  4 

10 

10 

45 

DEAE-Cellulose 

IV-UtF 

!  1.7 

7(1 

5  8 

15 

20 

85 

♦  MKD  corresponds  to  FM)67  from  probital  analysis. 

All  injections  were  intrapi‘ritoneal  except  for  the  ventral  prostate  test  which  were  snbciitaneotis. 


The  biological  response  of  hypophy.sectomized  rats  to  high  do.ses  of  the 
main  FSH-containing  fractions  during  progressive  purification  is  shown  in 
Table  8.  As  the  MED  for  FSH  was  reduced  from  14  juK-  to  1.7  mS-  a  signifi¬ 
cant  increase  occurred  in  the  multiple  of  the  MED  which  repaired  inter¬ 
stitial  ti.ssue  (an  increase  from  5  to  70  fold);  the  multiple  of  the  MIH) 
which  was  needed  to  double  the  ventral  prostate  weight  was  increased  from 
20  fold  to  85  fold.  Less  improvement  occurred  in  the  multiple  of  the  MIH) 
which  produced  uterine  enlargement,  estrous  di.stension,  scattering  of 
granulosa  or  beginning  luteinization  of  follicles.  The  theca  interna  of  grow¬ 
ing  follicles  was  not  thickened  (epithelioid).  Compact  corpora  lutea  or 
thecal  luteinization  were  rarely  encountered  up  to  do.ses  100  to  200  times 
the  MED  for  FSH. 

Although  it  has  been  the  practice  to  standardize  FSH  by  .subcutaneous 
injection,  due  to  the  greater  potency  by  this  route  of  atlministration,  it 
was  found  that  all  preparations  with  MED  between  14  and  1.7  /xg.  (Table 
8),  were  equally  potent  when  administered  intraperitoneally.  Ovarian 
weights  of  hypophysectomized  rats  were  usually  increased  100%  at  the 
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MKD  for  FSH,  hut  this  increase  was  not  consistent  enough  to  serve  as  a 
l)asis  for  assays.  FiSII  fractions  dissolved  in  0.9%  XaCl  containing  0.1% 
bovine  serum  albumin  did  not  cause  an  ovarian  response  at  a  lower  dose 
than  when  dissolved  in  0.9%  NaCl.  Injection  twice  daily  instead  of  once 
also  did  not  increase  the  effectiveness.  FSII  fractions  with  MED  14,  4  or 
1.7  mK-  injected  intraperitoneally  exerted  no  antagonism  to  other  primary 
gonadotrophic  stimuli'  injected  simultaneously  by  subcutaneous  route. 

DISCUSSION 

The  preparation  of  sheep  FSH  with  a  MED  of  1.7  mSm  a>itl  a  potency 
Go  times  Armour  Standard  FSH  204-151X,  represents  a  significant  advance 
in  the  purification  of  this  hormone.  The  sheep  FSH  prepared  by  Jensen 
ct  al.  (S)  had  a  MED  of  25  mS-  Fraction  I-lll  (Table  3)  of  the  present  pro¬ 
cedures  was  prepared  similarly  and  had  approximately  equivalent  potency. 
The  P'S!!  of  Li  et  al.  (1,  2)  had  a  MED  of  50  to  100  mK-I  this  fraction  was 
reported  by  Steelman  and  Pohley  (32)  to  be  equipotent  by  augmentation 
bioassay  with  Armour  Standard  F'SH  204-151X.  Haacke  et  al.  (7),  applied 
zone  electrophoresis  to  further  purify  preparations  made  bj'  the  method  of 
Li  et  al.  (1)  and  obtained  an  FSH  with  MED  of  25  /xg.  Steelman  and 
Segaloff  (4,  5)  used  gradient  elution  from  DEAE-cellulose  to  produce  FSH 
with  a  potency  30  to  40  times  the  Armour  Standard  2()4-151X.  The  prepa¬ 
ration  made  by  P^llis  (14)  by  displacement  elution  from  DPLAIvcellulose 
had  a  potency  20  times  that  of  Armour  264-151X;  further  purification  by 
zone  electrophoresis  resulted  in  a  potency  of  20  to  40  times  this  Armour 
Standard.  It  is  noteworthy  that  Fraenkel-Conrat  et  al.  (3)  prepared  FSH 
with  a  MP]D  of  2.5  to  3.0  mS-  using  only  techniques  of  salt,  solv^ent  and 
isoelectric  precipitation. 

It  has  been  noted  that  on  administration  of  increasing  dosages  of  the 
main  FSH-containing  fractions  estrogen  production  (judged  by  growth  and 
distension  of  the  uterus)  occurred  at  lower  levels  than  were  necessary  for 
repair  of  interstitial  tissue.  If,  as  is  often  regarded  established,  ICSH  must 
be  present  with  F'SH  for  the  production  of  physiological  amounts  of  estro¬ 
gen,  the  results  indicate  that  only  one-tenth  of  the  amount  of  ICSH  is  re¬ 
quired  for  estrogen  production  as  for  repair  of  interstitial  tissue.  Inasmuch 
as  accurate  recognition  of  interstitial  cell  repair  is  somewhat  difficult  in  the 
presence  of  high  levels  of  FSH,  it  is  noteworthy  that  dosages  minimally 
capable  of  repairing  interstitial  tissue  were  approximately  the  same  as 
those  which  doubled  ventral  prostate  weight. 

A  definite  improvement  in  contamination  of  sheep  FSH  with  ICSH  was 
achieved  in  fraction  IV-19F',  judged  by  the  criteria  of  interstitial  repair, 
uterine  response,  and  prostatic  enlargement.  Previous  investigators  noted 

’’  The  primary  gonadotrophic  stimuli  against  which  FSH  was  tested  in  normal  female 
rats  were  chorionic  gonadotrophin,  pregnant  mare  serum  gonadotrophin  (PMS)  or 
sheep  pituitary  FSH;  in  hypophysectomized  rats,  PMS  or  FSH. 
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uterine  enlargement  on  the  administration  of  from  3  to  5  times  (3,  33)  the 
minimal  dose  for  follicle  stimulation.  Estrous  distension  was  found  by 
Fraenkel-Conrat  et  al.  (3)  at  o  times,  and  luteinization  of  follicles  at  lo 
times,  the  MED  for  FSH.  Interstitial  repair  was  reported  on  administra¬ 
tion  of  multiples  varying  from  10  times  (6,  8)  to  20  or  50  times  (1,  3,  9)  the 
MED  for  FSH.  Although  the  most  highly  purified  sheep  FSH  preparations 
of  Ellis  (14)*  and  of  Steelman  and  Segaloff  (4,  5)  contained  ICSH  (LH), 
the  data  to  permit  comparison  in  terms  of  interstitial  repair,  prostate  or 
uterine  enlargement  were  not  presented. 

The  problem  of  freeing  FSH  from  ICSH  effects  does  not  appear  to  be 
unique  to  sheep  FSH.  No  follicle  stimulant  of  natural  origin  (pituitaries 
of  any  species,  menopause  or  castrate  serum  or  urine)  is  known  to  us  which 
did  not  at  some  relatively  low  multiple  of  the  minimal  dose  for  follicle  de¬ 
velopment  also  show  uterine  stimulation  and  luteinization  or  interstitial 
cell  stimulation.  Of  the  follicle  stimulants  of  pituitary  origin,  the  pig  FSH 
of  Creep  et  al.  (34)  appeared  to  be  freest  of  such  effects  (inasmuch  as  no 
uterine  growth  was  found  at  25  times,  or  interstitial  repair  at  35  times  the 
minimal  dose  for  follicle  development).  However,  repetition  of  the  prepara¬ 
tive  procedure  resulted  in  an  FSH-containing  fraction  which  caused  inter¬ 
stitial  cell  repair  at  20  times  the  FSH  minimum  (9). 

It  is  possible  that  procedures  involving  proteolytic  digestion  may  prove 
of  value  in  further  separation  of  ICSH  from  sheep  FSH,  inasmuch  as  ICSH 
has  been  shown  to  be  less  stable  than  FSH  to  the  action  of  certain  protea.ses 
(35-38).  The  most  promising  report  of  the  utilization  of  this  principle  is 
that  of  Steelman  et  al.  (5,  39),  who  produced  pancreatin-digested  pig  FSH 
with  potency  30  to  40  times  the  Armour  Standard  204-151X.  Although  this 
preparation  produced  uterine  growth  at  doses  which  caused  100  to  150% 
increa.se  in  ovary  weights  of  hypophysectomized  rats,  it  produced  no  growth 
of  ventral  prostate  of  hypophysectomized  male  rats  receiving  approxi¬ 
mately  2000  times  the  minimal  do.se  for  FSH  (250  pg.  per  day  for  21  days). 

As  long  as  methods  are  available  and  being  applied  by  which  the  bio¬ 
logical  purity  of  FSH  can  be  improved,  it  is  consistent  to  a.ssume  that  the 
luteinization  effects  and  stimulation  of  uterus,  repair  of  interstitial  ti.s.sue 
and  growth  of  prostate  observed  at  high  doses  are  due  to  contamination 
with  ICSH.  At  the  present  .stage  of  purification  of  sheep  FSH,  it  is  prema¬ 
ture  to  predict  whether  a  certain  amount  of  ICSH-like  activity  is  an  in¬ 
trinsic  property  of  the  FSH  molecule. 
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AX  ASSAY  FOR  ANABOLIC  STEROIDS  EMPLOYING 
METABOLIC  BALANCT:  IN  THE  :\IONKEY;  THE 
ANABOLIC^  ACTIVITY  OF  FLUOXYMESTERONEi 
AND  ITS  11-KETO  ANALOGUE 

J.  C.  STUCKI,  A.  D.  FORBES,  J.  1.  NORTHAM  axd  J.  J.  CLARK 

Research  Division  of  The  Upjohn  Company,  Kalamazoo,  Michigan 
ABSTRACT 

A  procedure  for  eonduetinp;  metabolic  balance  studies  in  the  Macaca  mulatta 
monkey  was  presented.  A  Latin  square  desif^n  em[)loying  four  monkex's,  four 
do.ses  of  fluoxymesterone  and  four  drug  periods,  each  preceded  and  succeeded 
by  its  own  control  period,  produced  linear  response  curves  over  the  full  dose 
range,  o0-400  /ig.  kg.  day,  for  nitrogen  retention  expressed  as  total  X  re¬ 
tained  per  day  during  drug  periods,  increased  X^  retained  during  drug  periods 
with  respect  to  pre-  and  post-drug  control  periods  and  for  body  weight  gains. 
Residual  effects  of  treatment  in  any  period  on  responses  in  the  treatment  pe¬ 
riod  immediateh’  following  were  negligible.  Average  estimates  of  increased  X 
retained  as  a  percentage  of  body  weight  gain  compared  favorably  with  the  re¬ 
ported  X'  content  of  marnmalian  muscle.  statistically  balanced  twin  cross¬ 
over  assay  was  studied.  Fluoxymesterone  was  employed  as  the  standard  and 
9a-fluoro-l  l-keto-17a-methyltestosterone  as  the  test  compound.  Xitrogen 
retention,  imtassium  retention  anfl  body  weight  gain  demonstrated  the  ana¬ 
bolic  potency  of  the  test  compound  to  be  equal  to  that  of  fluoxymesterone.  The 
efhciency  of  the  experimental  design  was  calculated  to  be  1.5  to  2.  It  is  con¬ 
cluded  that  metabolic  balance  procedures  can  be  employed  for  (piantitative 
bioassay  of  anabolic  agents  in  the  monke}-  and  probablj'  in  other  species  pro¬ 
vided  proper  experimental  design  is  used. 

IT  WAS  first  demonstrated  by  Koehakian  and  Murlin  (1-3)  in  the  cas¬ 
trate  dog  and  later  by  Kenyon  and  co-workers  (4,  5)  in  the  human  that 
androgens  produce  positive  nitrogen  balance  and  somatic  growth.  Nitrogen 
balance  procedures  are,  however,  time  consuming  and  expensive.  Conse¬ 
quently,  though  there  are  many  reports  on  the  relative  anabolic  activities 
of  various  androgens,  these  reports  contain  a  minimum  of  data  and  lack 
statistical  justification  of  the  experimental  design  and  the  expressions  of 
reliability  and  accuracy  limits  ordinarily  required  for  acceptable  bioa.ssay. 

The  purpose  of  this  communication  is  to  pre.sent  the  description  and  sta¬ 
tistical  validation  of  a  method  for  the  quantitative  bioassay  of  anabolic 
agents  using  metabolic  balance  in  the  monkey  {Macaco,  mulatta)  and  to  re¬ 
port  the  anabolic  activity  of  two  potent  steroids,  fluoxymesterone  and  fia- 
fluoro-1  l-keto-17a-methyltestosterone  (U-659fi). 

Received  October  14,  1959. 
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METHODS  AND  MATERIALS 

The  balance  leard 

A  large  (approximatoi}’  20'X20'),  locked,  windowlcss  room,  air  conditioned  and 
liuinidity  controlled  (78°  F,  50%  relative  humiditj-),  was  used  for  housing  the  monkeys. 
A  timing  device  switched  artificial  lights  on  12  hours  and  off  12  hours  each  day.  Music 
was  played  over  a  loud  speaker  continuously  during  the  light  hours  and  served  the  pur¬ 
pose  of  eliminating  extraneous  noises.  Admittance  to  the  ward  was  strictly  limited  to 
the  technician  operating  the  ward,  the  consultant  pathologist  and  the  investigator  in 
charge.  The  technician  operating  the  ward  worked  seven  days  a  week  and  conducted  his 
activities  in  and  about  the  ward  so  that  no  difference  between  week  days  and  week  ends 
was  apparent  to  the  animals.  The  daily  schedule  of  activities  was  kept  constant  both  in 
respect  to  order  of  operations  in  the  ward  and  time  at  which  particular  operations  were 
condueted.  It  is  our  opinion  that  a  constant  and  predictable  ward  environment  is  es¬ 
sential  if  reliable  estimates  of  anabolic  activities  are  to  be  obtained. 

Cages  and  animal  handling 

The  cages  (Fig.  1)  were  designed  in  this  laboratory  and  fabricated  from  galvanized 
steel  by  The  Kalamazoo  Sheet  Metal  Mfg.  Co.,  Kalamazoo,  Michigan.  Pans  and  col¬ 
lection  funnels  were  made  of  stainless  steel.  Each  unit  consisted  of  two  cages,  one 
mounted  on  top  of  the  other.  .\11  accessories  were  interchangeable.  Either  large  mesh 
bottoms  and  trays  for  animal  storage  or  small  mesh  bottoms  and  funnels  for  metabolism 
studies  were  available.  Upper  side  walls  and  tops  were  originally  wide  mesh  expanded 
steel  but  experience  showed  that  a  smaller  mesh  was  necessary  to  keep  the  animals  from 
throwing  food  and  excreta  from  the  cage.  The  illustrated  cages  have  had  outer  small 
mesh  screens  affixed  to  them  to  serve  this  purpose. 

The  animals  were  kept  in  the  cages  without  chains  or  collars  and  were  ordinarily 
moved  from  cage  to  cage  by  means  of  a  “catching  box”  hung  on  the  front  of  the  door. 
.\  sliding  door  on  the  cage  and  one  on  the  box  lifted  together  allowed  the  animal  to  go 
from  the  cage  to  the  box  and  vice  versa.  The  monkeys  were  easily  trained  to  go  into  or 
out  of  the  box  as  desired.  The  catehing  box  was  tared  to  permit  accurate  determination 
of  body  weight.  The  sliding  door  was  secured  with  a  snap  lock  (not  shown). 

The  food  box,  fitted  with  a  snap  cover,  was  attached  to  the  sliding  panel  of  the  door 
so  that  the  hand  hole  in  the  panel  and  one  in  the  box  were  opposed.  .\ny  food  removed 
from  the  box  by  the  monkey  could  onlj’  be  taken  into  the  cage.  The  watering  device 
consisted  of  a  bottle  and  a  curv’ed  stainless  steel  tube  in  a  rubber  stopper.  The  bottle 
was  fitted  into  the  bottle  rack  and  secured  by  means  of  a  steel  rod  and  a  second  rubber 
stopper,  .\bout  I5  inches  of  the  stainless  tube  protruded  into  the  cage.  A  double  rack 
allowed  the  feeding  of  liquid  diets  if  desired.  The  animals  obtained  water  by  sucking  on 
the  end  of  the  tube.  When  first  caged,  animals  often  did  not  know  how  to  drink  from  this 
device,  but  were  easily  taught  to  drink  if  orange  juice  was  used  instead  of  water  and  if 
banana  pulp  was  smeared  on  the  end  of  the  tube. 

Metabolic  collection  flasks  containing  H2SO4  and  thymol  were  positioned  under  the 
collection  funnel  and  held  in  place  with  a  square  cf  plywood.  The  top  of  the  lower  cage 
was  partly  constructed  of  solid  material  so  that  when  the  animal  was  placed  in  the  lower 
cage  it  could  not  reach  through  the  screen  and  disturb  the  flask  prior  to  collection  of  the 
sample. 

.1  nimals 

The  experimental  animal  was  the  ovariectomized  young  female  Macaca  mulatta  on 
limked  food  intake.  The  animals  were  obtained  from  an  importer  and  carefully  condi¬ 
tioned  after  receipt.  During  the  conditioning  period  they  were  isolated,  tuberculin 


Fig.  1.  Details  of  construction  and  use  of  monkey  metabolism  cage. 

tested,  given  a  prophylactic  course  of  tetracycline  therapy  orally  and  wormed  with 
X-butyl  chloride  and  castor  oil  if  fecal  samples  demonstrated  this  to  be  necessary.  The 
butyl  chlorhle  did  not  eliminate  hookworms  entirely  from  the  monkey  but  did  reduce 
drastically  the  severity  of  the  infections.  Reinfection  was  not  a  problem  under  condi¬ 
tions  of  ward  operation. 

The  animals  were  ovariectomized  under  pentobarbital  anesthesia  employing  full 
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storile  technique.  Balance  studies  were  begun  3  or  4  niontlis  after  ovariectomy  and  only 
after  the  animals  were  fulh*  acclimated  to  the  balance  ward.  Periodical!}",  between  bal¬ 
ance  studies,  the  animals  were  tuln-rculin  tested. 

Food,  feeding  and  drug  administration 

A  single  constant  composition  lot  of  Purina  monkey  chow  was  obtained  from  the 
Ralston  Purina  Company,  St.  Louis,  AIo.,  and  stored  at  — 10°  C  until  a  day  or  two  i)rior 
to  use.  The  animals  were  fed  a  measured  amount  of  food  once  a  day  at  about  7 :00  .\.m. 
The  amount  was  le.ss  than  the  animal  would  eat  if  fed  ad  libitum,  but  was  sufficient  to 
allow  a  very  slow  rate  of  weight  gain  when  no  anabolic  agent  was  administered.  With 
rare  exceptions,  the  food  ration  was  consumed  within  an  hour  or  two. 

Alultiple  vitamin  concentrate  (Zymadrops — Upjohn)  was  fed  twice  daily  to  insun* 
adequate  vitamin  intake.  Each  morning  a  tray  containing  two  cubes  of  sucrose  for  each 
monkey  was  carried  into  the  ward.  One  cube  was  soaked  with  0.3  ml.  Zymadrops  and 
fed  immediately  before  the  chow  and  the  second  vitamin  soaked  cube  was  fed  at  2:30 
p.M.  Oral  administration  of  test  steroids  was  facilitated  by  the  fact  that  the  monkeys 
eager!}'  awaited  the  vitamin  feedings.  The  steroids  in  alcohol  were  placed  on  the  sugar 
cubes  the  day  before  the  cubes  were  fed.  The  alcohol  had  evaporated  by  the  time  the 
cubes  were  fed.  Since  the  steroids  were  put  into  the  cubes  in  another  room  and  the  cubes 
were  carried  into  the  ward  each  morning  during  control  and  drug  periods  alike,  and  since 
the  vitamins  masked  any  taste  the  steroid  might  have  had,  it  was  not  necessary  to  em¬ 
ploy  placebo  controls  when  conducting  anabolic  steroid  assays.  The  steroids  were  ad¬ 
ministered  on  a  Mg-/kg.  of  body  weight  basis  twice  a  day. 

The  animals  were  given  200  ml.  of  deionized  water  to  drink  twice  a  day  at  the  time  the 
vitamin  concentrates  were  administered.  The  water  was  measured  not  to  determine 
consumption,  but  in  order  that  there  be  no  excess  water  to  complicate  collection  and 
handling  of  the  metabolic  samples. 

Balance  technique 

.\11  animals  were  kept  on  balance  continuously.  Metabolic  collections  were  made  and 
body  weights  were  determined  for  each  animal  every  other  day.  Collections  and  weights 
on  5  of  the  animals  in  the  ward  were  taken  on  one  day  and  5  on  the  following  day. 
The  daily  schedule  of  ward  operation  is  summarized  as  follows:  in  the  morning  clean 
cages  were  prepared  for  occupany  and  ^  of  the  animals  were  weighed  and  moved  to  the 
clean  cages.  .\11  animals  were  giv'en  the  vitamin  impregnated  sugar  cubes,  water  and  food 
rations.  Following  the  feeding,  metabolic  samples  were  collected  from  the  vacated  cages 
using  deionized  water,  brushes  and  scrapers  to  quantitatively  collect  all  urine,  feces  and 
residual  food  (uneaten,  uncontaminated  food  was  removed,  weighed  and  subtracted  from 
that  fed  in  making  balance  calculations).  In  the  afternoon  the  ward  was  prepared  for  the 
following  day’s  operations  and  the  animals  were  again  given  the  sugar  cubes  and  water. 

After  being  removed  to  the  laboratory,  the  metabolic  collections  were  homogenized 
in  a  Waring  blendor  and  diluted  to  constant  volume.  An  aliquot  was  ground  even  finer  in 
a  glass  homogenizer.  ,\fter  further  dilution,  duplicate  aliquots  of  the  fine  homogenate 
were  taken  for  analysis  by  a  modified  micro-Kjeldahl  nitrogen  method.  A  CuSOi-KjSO^ 
catalyst  in  concentrated  H2SO4  was  employed  for  an  18-hour  digestion.  The  digests  were 
distilled  into  boric  acid  solution  and  the  distillates  titrated  with  0.02N  H2S04,  using 
Tashiro’s  indicator.  In  some  experiments  fine  homogenate  was  centrifuged  and  the  K 
content  of  the  supernate  was  measured  with  a  flame  photometer.  Elemental  balances 
were  calculated  in  mg., day  by  comparing  the  amount  of  the  element  fed  with  that  re- 
coveretl  in  the  metabolic  collections. 
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RESULTS  AND  DISCUSSION' 

Latin  square  design 

A  Latin  square  design  was  employed  initially  to  gain  information  on  the 
number  of  monkeys,  trials  and  doses  required  for  adequate  determination 
of  potency  ratios,  and  to  allow  proposal  of  an  assaj'  procedure.  Fluoxymes- 
terone  (9a-fluoro-ll/3-hydroxy-17a-methyltestosterone  was  employed  in 
this  experiment.  This  steroid  has  been  reported  to  be  an  extremely  potent 
myotrophic  agent  as  well  as  an  androgen  in  rats  (0,  7)  and  has  been  shown 
to  be  a  very  effective  anabolic  agent  in  man  (8-10).  The  drug  was  admin¬ 
istered  orally  twice  daily  in  equally  divided  doses  to  four  monkeys  ac¬ 
cording  to  the  Latin  square  pattern  evident  from  examination  of  Figure  2. 

Dose  periods  were  fourteen  days  in  length  and  each  was  preceded  and 
succeeded  by  its  own  14  day  control  period.  (Tuberculin  testing  halfway 
through  the  experiment  resulted  in  the  loss  of  4  days’  data,  so  that  the  post¬ 
drug  control  period  following  the  second  drug  period  for  each  animal  was 
only  12  days  in  length.)  The  entire  experiment  covered  a  period  of  24  weeks. 
The  particular  Latin  square  employed  is  one  that  permits,  among  other 
things,  convenient  estimation  of  treatment  means  adjusted  for  residual 
effects  of  treatments  applied  in  the  immediately  preceding  period  (11). 

Kesults  obtained  on  each  animal  appear  graphically  in  P’igure  2.  The 
following  measurements  were  employed  to  evaluate  the  responses  produced 
by  the  administration  of  the  hormone:  1)  average  nitrogen  (X)  retained 
per  da}'  during  the  14  day  drug  period,  2)  average  X  retained  per  day  dur¬ 
ing  the  14  day  pre-drug  control  period,  3)  average  X  retained  per  day  dur¬ 
ing  the  14  day  post-drug  control  period,  4)  the  differences  between  average 
daily  retention  during  drug  periods  and  control  periods  (A  from  pre  and  A 
from  post),  and  5)  body  weight  gain  during  drug  periods.  Except  when 
otherwise  specified,  all  of  the  seven  individual  balance  values  obtained  dur¬ 
ing  each  period  were  employed  in  computing  average  X  retained.  Body 
weight  gains  were  computed  by  subtracting  the  last  weight  prior  to  drug 
administration  from  the  first  weight  taken  after  drug  administration  was 
stopped.  The  data  are  summarized  in  Tables  1-3  and  in  Figures  3-7.  Ap¬ 
propriate  statistical  analyses  of  these  data  allowed  the  following  conclu¬ 
sions  to  be  made : 

Xitrogen  retention 

The  balanced  Latin  square  design  gave  good  linear  dose-response  curves 
for  X  retention  (Figs.  3-5).  The  standard  error  of  each  dose  mean  is  approxi¬ 
mately  40  mg.  X  retained  per  day.  The  actual  observed  X  retained  during 
drug  administration  (Fig.  3)  and  the  increased  X  retained  with  respect  to 
pre-drug  control  periods  (Fig.  4)  and  post-drug  control  periods  (k4g.  5) 
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Table  1.  Summary  averaoes  oe  x  retained  ix  latix  square 

DESIGN  ACCORDING  TO  DOSE,  MONKEY  AND  PERIOD 


Done 

fl  uoxymesterone 
yij'/kg./day 

.\vcrage 

mg.  N  rctaiued/day 

Brc-Coiitrol 

A-l’rc 

Drug  Period 

A- Post 

Post-Control 

50 

188 

101  (110)* 

280  (300) 

07 (107) 

102 

100 

202 

130  (130) 

341 (338) 

135  (128) 

200 

200 

200 

235  (250) 

444  (440) 

240  (258) 

198 

400 

215 

313  (280) 

528  (500) 

330  (315) 

108 

Monkey  Xo. 

207 

2.52 

122 

374 

100 

208 

208  A 

150 

212 

308 

180 

182 

200 

224 

271 

405 

313 

182 

210  A 

182 

182 

304 

142 

222 

Period  Xo. 

1 

228 

230 

404 

250 

214 

2 

228 

215 

443 

191 

252 

.s 

227 

no 

340 

103 

153 

4 

181 

210 

350 

175 

175 

*  Figures  in  parentheses  are  values  adjusted  for  residual  idTeets  from  previous  dosing 
period. 


appear  to  be  etpially  reliable  for  determioation  of  the  relative  poteney  of 
two  compounds.  As  will  be  seen  later,  the  A  from  pre-drug  control  values 
may  be  preferable,  however,  because  they  can  be  readily  translated  into 
observed  weight  gains  during  dosing. 

Analysis  of  the  possible  residual  effects  of  treatment  in  any  period  on 
response  in  the  treatment  period  immediately  following  does  not  reveal  any 
statistically  significant  residual  effects  throughout  the  entire  experiment. 
Such  adjustments  as  can  be  made  for  possible  residual  effects  are  of  little 
practical  significance  (Table  1,  Figs.  3-o). 


Fig.  2.  Balance  charts  for  ovariectomized  female  monkeys  administered  various 
doses  of  fluo.xymesterone.  Average  mg.  N  retained  during  each  period  and  A’s  from  con¬ 
trol  periods  appear  above  N  balance  bars. 


AVERAGE  MG.  N  RETAINED  PER  DAY  DURING  DRUG  PERIOD 


592 


STUCKI,  FORBES,  NORTHAM  AND  CLARK 


VolutiK  6i 


Fig.  3.  EfTect  of  fluoxymcsterono  in  ovarioptomizi'd  monkoj-s  on 
avcruKo  X  retention  (luring  drug  jx'riods. 


Table  2.  WEifiiix  gains  (in  gm.)  di  ring  dosing  according  to  dose, 

MONKEY,  AND  PERIOD 


Monkey  no. 

1 

2 

3 

4 

Monkey  averages 

207 

A 

+  93 

B 

+  115 

I) 

+  85 

C 

+  11 

+  70 

208A 

1) 

+  185 

A 

+  41 

C 

+  103 

B 

+  09 

+  100 

209 

c; 

+  199 

1) 

+  213 

B 

+  100 

A 

+  47 

+  141 

2 10  A 

It 

+  85 

C 

+  134 

A 

-  15 

1) 

+  104 

+  92 

I’eiiod  avg. 

+  142 

+  120 

+  70 

+  73 

Table  :■ 

!.  Estimated 

ACCORDING 

NITROGEN  PERCENTAGE  OK  WET 
TO  -MONKEY,  PERIOD,  AND  DOSE 

MCSCLE 

LEVEL 

M  EIGHT 

-Monkey  no. 

1 

2 

3 

4 

Monkey  averagfv 

207 

A  1.4 

B 

1 .7 

1)  2.4 

C 

14.4 

4.97 

208A 

1)  2.0 

A 

1 .4 

C  2.9 

B 

4.9 

2.95 

209 

C  2.0 

I) 

2.9 

B  .7 

A 

0.3 

3.12 

2 10  A 

B  2.1 

c 

2.5 

A  * 

1) 

2.7  ' 

2.43 

Period  .\vg. 

2.1" 

2.12 

2.00 

7.07 

*  No  estimate  made  on  account  of  weight  loss. 
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Fi(i.  4.  Effect  of  fluoxynu'Kterone  in  ovariectoinizcd  monkeys  on 
eliaiiffes  in  N  retcnition  from  pre-drug  control  j)eriods. 

A  good  consistency  is  seen  wiien  N  retentions  during  drug  and  control 
periods  are  averaged  according  to  dose  (Table  1).  When  the  same  averages 
are  computed  according  to  monkeys,  however,  considerable  variation  is  in 
evidence  (Table  1).  When  averages  are  made  according  to  periods,  it  can  be 
seen  that  initially  good  consistency  was  in  evidence  but  a  sustained  drop  of 
about  100  mg.  X  retained  per  day  occurred  during  the  third  drug  period 


50  100  200  400 

LOG  DOSE  FLUOXYMESTERONE-/1G./KG./DAY 


Fig.  5.  Effect  of  fluoxymesterone  in  ovariectomized  monkej’s  on 
clianges  in  N  retention  from  post-drug  control  periods. 
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LOG  DOSE  FLU0XYMESTER0NE,/i67KG/DAY 


Fig.  6.  Expression  of  the  effect  of 
fluoxyniesterone  in  ovariectomized  mon¬ 
keys  on  average  X  retention  during  drug 
periods  using  a  varying  nundier  of  meta- 
l)olic  sample  collections. 


(Tal)le  1).  Tliese  observations,  particularly  the  last,  .suggest  that  a  statisti¬ 
cally  balanced  design  must  be  employed  in  the  as.say  of  anabolic  steroids 
by  metabolic  balance  methods  to  eliminate  the  effect  of  such  variation. 

The  fact  that  post-drug  control  period  averages  do  not  differ  markedly 
from  pre-drug  control  period  averages  suggests  that  it  may  be  possible  to 
drastically  reduce  the  length  of  the  control  periods  between  drug  periods. 

Examination  of  dose-response  curves  (Fig.  6)  based  on  various  numbers 
of  collections  in  the  drug  period  suggests  that,  over  the  dose  range  100-400 
Mg./  kg.,  day,  a  reduced  number  of  measurements  may  give  an  adequate 


LOG  DOSE  FLUOXYMESTERONE-/1G./KG./DAY 

Fig,  7.  Effect  of  fluoxymesterone  ir  ovariectomized  monkeys  on 
body  weight  gain  during  drug  periods. 
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(lose  response  curve  for  tlie  determination  of  relative  potency.  Furthermore, 
the  first  measurement  of  X  retention  after  dru}?  administration  appears  to 
he  lower  on  tlie  average  than  subsequent  measurements,  and  might  he 
profitably  eliminated  from  the  calculations. 

Weight  gains 

A  linear  dose-response  curve  was  also  obtained  using  body  weight  gain 
as  the  measurement  of  anabolic  response  (Fig.  7).  Again,  there  were  no  ap- 
preciable  residual  effects  from  previous  dosing.  On  the  average,  an  increase 
of  1  gm.  body  weight  in  2  weeks  is  associated  with  an  increase  (A  from  pre 
control)  of  2  mg.  X"  retained  per  day.  On  the  assumption  that  all  weight 
gains  are  due  to  accretion  of  muscle,  the  relationship  suggests  that  2.8%  of 
the  wet  muscle  weight  is  X.  This  corresponds  closely  with  tlie  actual  X  con¬ 
tent  (2.7-R.o%)  of  muscles  of  various  mammalian  species  (12). 

Examination  of  estimates  of  extra  nitrogen  (A  pre)  retained  as  percent¬ 
ages  of  wet  muscle  weight  (body  weight  gain)  for  individual  animals  (Table 
R)  shows  that  there  is  considerable  variation.  Deviant  estimates  appear  to 
be  particularly  associated  with  periods  8  and  4  and/or  with  the  lower  drug 
doses.  In  spite  of  this  variation,  the  average  agreement  between  calculated 
values  and  reported  X  content  of  muscle  (12)  giv'es  assurance  that  actual 
protein  anabolism  occurred  under  the  stimulation  of  the  anabolic  agent. 

It  should  be  noted  that  there  was  a  virtual  absence  of  weight  gain  during 
control  periods  despite  relatively  constant  positive  X  balance.  The  positive 
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Fig.  8.  Comparison  of  off(‘cts  of  fluoxyiimsteronc  and  I'-6.59t)  on  X  ndention. 
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A  From  Pre  Drug  A  From  Post  Drug 


100  400  100  400  100  400 

/iG  /KG./OAY-FLUOXYMESTERONE  OR  U-6596 

Fig.  9.  C'dinparisoii  of  effects  of  fluox3'mesterone  and  U-()59()  on  K  retention. 

X  balances  oh.served  during  these  periods  and  a  portion  of  the  positive  X' 
balance  seen  during  periods  of  weight  gain  were  probably  due  mostly  to  a 
relatively  constant  failure  to  recover  all  excreted  X.  Such  error  would  be 
reflected  in  positive  X'^  balance.  For  this  reason  also,  it  is  felt  that  increases 
in  X  retention  after  drug  administration  (A  pre)  are  more  meaningful  than 
total  X  retentions. 

Twin  crossover  assay  of  anabolic  steroids 

After  the  completion  of  the  Latin  square  experiment,  it  became  po.ssible 
to  study  quantitative  a.s.says  of  anabolic  agents.  The  twin  cro.ssover  assay 
(18)  was  chosen  because  it  is  thought  to  repre.sent  the  simplest  type  of  de- 

Table  4.  Potenty  of  r-(>59(),  relative  to  flyoxymesterone 

BY  DIFFERENT  METHf>I)S  OF  ESTIMATION 


Data  used 

Potency  of 
U-(i.5it(> 

( X  fluox.vmesterone) 

!t.5%  C'onfidenee 
limits  for 
jMitency 

Standard  error  pe 
assay  (%) 

X — A  |)re 

,.59 

.0:3  1  .98 

:38 

X  on  do.se 

.90 

.14-4.1:3 

:38 

X  A  post 

1  .04 

.22-5.:31 

:37 

K — A  pre 

.90 

.:37-2.01 

2() 

K  on  dose 

.98 

.5.5-1 .7:3 

19 

K— A  post 

.9(3 

.44-2.04 

24 

Body  \vt.  Kain 

on  dose  .79 

.40  1 .41 

20 
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sign  that  meets  the  minimal  require¬ 
ments  for  a  satisfactory  parallel  line 
assay.  Two  doses  of  the  standard, 
two  doses  of  the  unknown,  8  mon¬ 
keys  and  2  drug  periods  were  em¬ 
ployed.  Fluoxymesterone  was  em¬ 
ployed  as  the  standard  and  its 
1 1-keto  analogue  (9a-fluoro-l  1-keto- 
l7a-methyltestosterone  or  U-6596) 
was  used  as  the  test  or  unknown 
steroid.  U-6596  is  biologically  similar 
in  rats  to  fluoxymesterone  (6,  7). 

I'iach  drug  period  was  reduced  to  10 
days  (5  metabolic  sample  collec¬ 
tions).  The  first  period  was  preceded 
by  a  10  day  control  period,  a  10  day 
control  period  separated  the  two 
drug  periods,  and  a  10  day  control 
period  followed  the  second  drug  pe¬ 
riod.  The  last  four  collections  only 
in  each  period  were  employed  in  the 
analysis  of  the  data.  In  addition  to 
X  balance  and  body  weight  gain,  po¬ 
tassium  (K)  balances  were  also  de¬ 
termined  and  used  for  the  estimation 
of  anabolic  potency.  Fjo,  ]0.  Comparison  of  offt'cts  of  flu- 

Results  appear  in  Figures  8-10.  oxymostcrone  and  E-OSOG  on  body  weight 
The  various  estimates  of  potency  of  8^"'- 

U-6596,  relative  to  fluoxymesterone  were  made  by  methods  described  by 
Finney  (13)  and  appear  in  Table  4.  It  can  be  seen  that  each  of  the  .seven 
estimates  of  relative  potency  lies  within  the  95%  confidence  limits  for  rela¬ 
tive  potency  determined  for  each  of  the  other  estimates.  The  estimates  of 
relative  potency  average  slightly  le.ss  than  1  but  all  95%  confidence  limits 
include  the  value  1.  It  is  concluded  that  U-6596  has  an  anabolic  potency 
approximately  equal  to  that  of  fluoxymesterone. 

Computation  of  the  per  cent  standard  error  per  assay  indicates  that  K 
balance  and  body  weight  gain  data  gave  better  precision  than  did  the  N 
balance  data  in  this  experiment.  The  coefficient  of  variation  (intra-monkey 
standard  deviation  as  a  percentage  of  the  mean)  for  all  three  variables,  X, 
K,  and  body  weight  gain  during  drug  administration  is  approximately  30%. 

An  estimate  of  the  gain  from  the  use  of  this  twin  crossover  design  can  be 
made  from  a  comparison  of  the  measures  of  inter-monkey  and  intra-mon¬ 
key  variation  which  the  design  provides.  Each  of  these  sources  of  variation 
is  associated  with  only  4  degrees  of  freedom  (when  8  monkeys  are  dosed  on 
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2  flifferent  occasions),  Iience,  further  experience  with  the  twin  crossover 
design  will  be  necessary  to  evaluate  the  design  properly.  It  appears,  how¬ 
ever,  from  the  analysis  of  this  single  experiment  that  the  efficiency  of  the 
design  for  K  and  weight  gain  data  was  approximately  2,  i.e.,  8  monkeys 
each  tested  on  two  dose  periods  lead  to  potency  estimates  at  least  as  good 
as  if  :i2  animals  had  been  tested  on  one  dose  period  each.  For  N  data,  the 
efficiency  was  approximately  1..5. 

Clearly,  metabolic  balance  procedures  can  be  employed  for  quantitative 
bioassay  of  anal)olic  agents  in  the  ovariectomized  monkey  provided  proper 
experimental  design  is  used.  Since  species  differences  in  ability  to  show  dose 
related  responses  to  anabolic  steroids  would  not  be  expected,  the  use  of 
similar  or  identical  design  seems  warranted  for  assays  in  other  species,  in¬ 
cluding  man. 

Whether  or  not  the  relative  potencies  of  anabolic  steroids  in  man  are 
predictable  from  monkey  data  remains  to  be  seen.  While  studies  designed 
to  resoh'e  this  problem  are  in  process  and  will  be  reported  at  a  future  time, 
it  should  be  noted  from  the  present  study  that  the  monkey  showed  a 
marked  and  graded  response  to  fluoxymesterone  in  a  dose  range  that  is 
comparable  to  that  (on  a  mg.  kg.  basis)  which  produces  pronounced  anab¬ 
olism  in  man  (8-10). 
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ox  THE  MOVEMENT  OF  PIGMENT  GRANULES 
IN  FROG  MELANOCYTES^ 
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\ew  Haven,  Connecticut 

ABSTRACT 

MSH,  paffeine  and  some  idiysical  factors  induced  dispersion  of  melanin 
granules  in  the  melanocytes  of  the  frog,  Rana  pipiens.  Melatonin,  noradrenaline 
and  hydrocortisone  reversed  disi)ersion  i)r()duced  by  many  agents.  Acetylcho¬ 
line  reversed  only  the  dispersion  caused  by  MSH.  In  sucrose*  solution  contain¬ 
ing  normal  amounts  of  calcium  and  potassium,  caffeine  was  inhibited  in  part; 
MSH,  melatonin,  norailrenaline  and  hydrocortisone  were  inhibited  completely. 
Caffeine  could  utilize  lithium  ions  for  the  dispersion  process,  and  melatonin 
and  noradrenaline  reversed  this  dispersion. 

It  is  suggested  that  melanin  granule  movement  is  produced  by  cytoplasmic 
streaming  associated  with  ionic  e.xehange  between  intra-  and  extracellular 
media  and  that  substances  affecting  melanin  dispersion,  flircctly  or  indirectly 
produce  a  change  in  the  specific  ionic  permeability  of  the  cell  membrane. 

IN  THIS  paper  we  will  report  experiments  carried  out  with  five  factors, 
enumerated  below,  that  cause  dispersion  of  pigment  cell  granules  in 
frog  melanocytes. 

1.  Melanocyte  stimulating  hormone  (MSH) 

2.  Caffeine 

3.  Low  osmotic  activity' 

4.  Low  pH 

o.  Hypotonic  sucrose  solution 

The  ability  of  melatonin,  noradrenaline,  acetylcholine  and  hydrocorti¬ 
sone  to  rever.se  dispersion  produced  by  these  factors  was  also  studied. 

EXPERIMENTAL 

Preparation  of  Frog  Skin 

Skin  from  the  frog  Rana  pipiens  was  prepared  and  mounted  on  rings  as  described 
previously  (1).  Four  samples  were  obtained  from  each  frog — two  from  the  legs  and  two 
from  the  thighs.  For  each  exjjeriment  four  samples  were  taken  from  each  of  eight  frogs 
and  arranged  in  four  groups  as  follows: 
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The  first  letter  L  and  R  refers  to  the  left  or  right  extremity  of  the  frog.  The  second 
letter  L  or  T  refers  to  leg  or  thigh;  and  the  number  1,  2,  3,  4,  5,  6,  7  or  8  refers  to  the 
frog  used.  Thus  LLl  means  skin  from  the  left  leg  of  frog  1.  RT4  indicates  skin  from  the 
right  thigh  of  frog  4,  etc.  This  arrangement  gave  four  groups  that  could  be  tested  simul¬ 
taneously  and  which  were  as  comparable  as  possible  (2).  It  will  be  noted  that  each  group 
contained  one  skin  specimen  from  each  frog.  Becau.se  eight  frogs  were  used,  there  were 
two  left  legs,  right  legs,  left  thighs  and  right  thighs  in  each  group. 

,\11  skin  specimens  were  soaked  in  four  changes  of  Ringer’s  solution  over  a  two  hour 
j)eriod  before  any  observations  were  made. 

(’hanges  in  the  state  of  dispersion  of  melanin  granules  within  the  melanocyte  were 
measured  as  changes  in  reflectance  when  the  whole  skin  specimen  was  placed  over  a 
search  unit  attached  to  a  i)hotoelectric  meter  (1).  .\11  readings  were  taken  with  the  skin 
immersed  in  20  ml.  of  solution  in  a  50  ml.  beaker.  The  original  reading  of  the  skin  after 
soaking  in  Ringer’s  .solution  for  two  hours  was  taken  as  its  individual  base  line,  and  an 
increase  or  decrease  in  reflectance  was  measured  from  this.  The  32  specimens  in  the  ex- 
jx'rimental  plan  could  be  read  over  a  ten  minute  period  so  that  by  taking  readings  con¬ 
tinuously  it  was  possible  to  follow  the  change  in  each  individual  specimen  at  ten  minute 
intervals.  The  graphs  were  jirejiared  by  totaling  the  changes  in  reflectance  within  each 
treatment  group  and  plotting  these  values  against  time. 

Solutions  Csed 

fiinger's  solution.  0.5  g.  Xa(’l,  140  mg.  KCl,  120  mg.  CaCU  and  200  mg.  XaHCOj 
were  dissolved  in  distilled  water  and  the  solution  was  made  up  to  a  volume  of  1  liter. 
The  pH  was  7.3.  When  a  hyimtonic  medium  was  needed,  10  ml.  of  Ringer’s  solution 
was  removed  from  the  50  ml.  beaker  and  replaced  with  10  ml.  of  distilled  water.  When  it 
was  necessary  to  increase  the  hydrogen  ion  concentration,  the  pH  was  lowered  to  5.0  by 
adding  0.5  ml.  0.1  X  hydrochloric  acid  to  each  beaker  containing  20  ml.  of  Ringer’s 
mixture. 

Melanocyte  stimulating  hormone  {MSH).  Beef  posterior  pituitary  powder  from  the 
-Vrmour  Laboratories  was  extracted  with  water  and  lyophilized  as  described  previously 
(1).  One  mg.  of  the  lyophilized  product  was  dissolved  in  1  ml.  of  Ringer’s  solution.  0.2 
ml.  of  this  mixture  was  diluted  to  100  ml.  with  Ringer’s  solution,  and  7.5  ml.  of  the  new 
mixture  was  diluted  to  10.0  ml.  0.2  ml.  of  the  final  product  containing  7.5  units  of  MSH 
was  then  added  to  the  20  ml.  of  Ringer’s  solution  in  which  the  skin  was  immersed. 

Caffeine.  2.9  gm.  caffeine  was  dissolved  in  Ringer’s  solution  and  was  made  up  to  a  vol¬ 
ume  of  1  liter.  Seven  ml.  of  Ringer’s  mixture  was  removed  from  each  beaker  and  replaced 
by  7  ml.  of  caffeine  solution  so  that  the  final  concentration  was  1  mg.  caffeine  per  ml. 

.Melatonin.  Two  gm.  of  lyophilized,  defatted,  beef  pineal  powder  were  extracted  for 
melatonin  (3,  4).  The  final  product  was  dissolved  in  100  ml.  Ringer’s  .solution.  0.3  ml.  of 
this  mixture  was  diluted  to  10  ml.  with  Ringer’s,  and  0.2  ml.  of  this  diluted  solution  was 
addded  to  each  beaker. 

.\  or  adrenaline.  1.0  mg.  of  noradrenaline  bitartrate  was  dissolved  in  10  ml.  Ringer’s 
solution.  0.2  ml.  of  this  j)rej)aration,  unless  otherwise  specified,  was  added  to  each  beaker. 

.\eetylcholine.  1.0  mg.  of  acetylcholine  bromide  was  dissolved  in  10  ml.  Ringer’s 
solution.  0.2  ml.  of  this  mixture,  unless  otherwise  specified,  was  added  to  each  beaker. 
Experiments  carried  out  with  solutions  containing  equimolar  quantities  of  sodium  bro¬ 
mide  showed  that  the  bromide  ion  had  no  effect  on  the  melanocytes. 

Hydrocortisone.  The  sodium  salt  of  hydrocortisone  hemisuccinate  containing  100  mg. 
of  hydrocortisone  was  dis.solved  in  5  ml.  Ringer’s  solution.  0.2  ml.  of  this  mixture  was 
added  to  each  beaker. 

Sucrose.  The  sucrose  solution  contained  78.7  gm.  of  sucro.se,  140  mg.  KCl  and  105 
mg.  CaCl2-2H20  per  liter. 
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Lithium  chloride.  4.74  k.  LiCl,  140  mg.  KCl  and  105  mg.  C'aCl2-2H20  were  dissolved 
in  water  and  made  up  to  a  volume  of  1  liter. 

RESULTS 

When  skin  tvas  placed  in  Ringer’s  solution  containing  MSB,  darkening 
occurred  which  resulted  in  decreased  reflectance.  Dispersion  of  melanin 
granules  towards  the  periphery  of  the  cell  could  he  seen  microscopically. 
Maximum  dispersion  occurred  in  about  50  minutes.  Thereafter  only  a 
slight  increase  in  darkening  occurred.  Melatonin,  noradrenaline  and 
hydrocortisone  all  produced  rapid  and  marked  reversal  of  the  darkening 
reaction  (P'ig.  1).  The  effect  of  hydrocortisone  was  not  well  maintained. 
Acetylcholine  produced  marked  reversal  in  about  50%  of  the  skin  speci¬ 
mens.  This  was  in  contrast  to  the  action  of  the  other  three  aggregating  sub¬ 
stances  which  induced  reversal  in  all  skin  samples  but  to  a  varying  extent. 
When  maximum  do.ses  of  melatonin,  noradrenaline  and  hydrocortisone 
were  used,  the  same  amount  of  lightening  resulted  with  each  agent  (Fig.  2). 
In  no  case  was  complete  reversal  of  dispersion  produced.  The  cells  did  not 
return  to  their  initial  state.  The  maximum  do.se  of  the  lightening  agent  was 
determined  by  finding  the  point  at  which  a  further  increase  in  concentra¬ 
tion  did  not  produce  an  increase  in  lightening. 

Immersion  of  skin  in  caffeitie  solution  produced  dispersion  of  melanin 


Fig.  1 .  Frog  skin  specimcms  in  Ringer’s 
solution  wen*  darkened  with  MSH.  de¬ 
crease  in  reflectance  occurred  with  time. 
.\fter  60  minutes  tlie  aggregating  agent 
melatonin,  noradrenaline,  acetylcholine  or 
hydrocortisone  was  added.  .\11  produced 
lightening  of  the  skin.  C’ontrol  specimens 
treated  with  MSH  alone  continued  to 
darken  slightly,  ’the  control  specimens  in 
Ringer’s  solution  showed  little  change  and 
those  with  melatonin,  noradrenaline  or 
hydrocortisone  lightened  slightly.  .Acetyl¬ 
choline  in  Ringer’s  solution  produced 
slight  darkening. 
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Fig.  2.  Four  (■om|)ai  abU‘  j!;roui)s  of  skins 
were  darkonecl  with  MSH,  four  witli  caf¬ 
feine,  four  with  hypotonic  Ringer’s  solu¬ 
tion  and  four  with  acidified  Ringer’s  solu¬ 
tion.  At  the  time  indicated  by  the  arrow 
one  group  of  specimens  of  each  four  was 
then  treated  with  melatonin,  one  with 
noradrenaline,  one  with  acetylcholine  and 
one  with  hydrocortisone.  All  doses  of  the 
lightening  agents  were  maximal.  Acetyl¬ 
choline  reversed  the  action  of  MSH  only. 
The  other  three  agents  reversed  all  four 
darkening  mechanisms  but  to  different 
degrees.  In  no  case  did  complete  reversal 
of  darkening  occur. 
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Kianuleis  iiulistiiiKuishable  from  tliat  achieved  by  AISII.  This  dispersion 
was  reversed  readily  by  melatonin,  noradrenaline  and  hydrocortisone 
(Fig.  3).  Maximum  doses  of  melatonin  and  noradrenaline  were  more  effec- 
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Fig.  3.  Skin  specimens  in  Ringer’s  solu¬ 
tion  were  darkened  with  caffeine.  .Aggre¬ 
gating  agi'iits  were  added  after  fiO  minutes. 
.Melatonin,  noradrenaline  and  hydrocorti¬ 
sone  all  reversed  the  caffeine  darkening, 
whereas  acetylcholine  produced  a  slight 
increase  in  darkening. 
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Fig.  (i.  Skin  specimens  in  RingcT’s  solu¬ 
tion  wore  (larkonocl  by  acidifying  the  solu¬ 
tion  with  HC'l.  Aggregating  agcnits  wi're 
added  at  30  minutes.  Melatonin,  nora- 
adrenaline  and  hydrocortisone  produced  a 
slight  reversal  of  darkening.  Acetylcholine 
had  no  effect.  C'ontrol  specimens  in  acidi- 
fi(*d  .solution  continued  to  darken  slightly. 
Control  specimens  in  Ringer’s  solution 
showed  no  significant  change. 
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ening.  Maximum  (lisper.sioii  occurred  in  25  to  30  minute.s.  Suhsetjueiitly 
the  granules  slowly  began  to  aggregate,  and  the  skin  became  lighter  in 
color.  Melatonin,  noradrenaline  and  hydrocortisone  produced  an  im¬ 
mediate  reversal  of  the  dispersion  reaction.  Acetylcholine  did  not  reverse 
the  dispersion  initiated  by  decrea.sed  osmotic  activity  (Fig.  5).  When 
maximum  doses  of  the  lightening  agent  were  used,  it  was  evident  that 
melatonin  and  noradrenaline  were  powerful  aggregating  agents,  that 
hydrocortisone  was  less  active  and  that  its  action  was  not  well  maintained. 
In  no  ca.se  was  complete  reversal  of  dispersion  produced  (Fig.  2). 


Fig.  7.  In  each  scheme  of  four  groups 
of  skin  specimens,  two  were  maintained 
in  Ringer’s  solution  and  two  in  sucrose 
solution.  The  latter  groups  darkened. 
After  10  minutes  caffeine  was  added  to 
one  group  in  Ringer’s  solution  and  one 
group  in  sucrose  solution.  Subsequent 
ilarkening  due  to  caffeine  was  less  in  the 
sucrose  than  in  the  Ringer’s  solution. 
.\fter  70  minutes  aggregating  agents 
were  added.  Melatonin,  noradrenaline 
and  hydrocortisone  produced  no  rever¬ 
sal  of  darkening  caused  by  the  sucrose, 
solutions  with  or  without  caffeine.  All 
three  aggregating  agents  reversed  the 
darkening  effect  of  caffeine  in  Ringer’s 
solution. 
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F iG.  8.  In  each  schonip  all  four  groups  of 
skin  spocimons  were  placod  in  sucrose 
solution.  After  30  minutes  normal  saline 
was  added  to  one  grouj),  aggregating  agent 
to  one  group,  and  aggregating  agent  plus 
saline  to  a  third  group.  The  eontrol  group 
in  sucrose  continued  to  darken  slightly  as 
did  the  group  receiving  the  aggregating 
agent.  The  addition  of  saline  alone  i)ro- 
dueed  an  increase  in  darkening.  When 
saline  and  noradrenaline  were  atlded  to¬ 
gether  a  slight  hut  definite  reversal  oc¬ 
curred.  Melatonin  and  saline  produced  a 
slight  lag  in  the  expected  darkening.  Hy¬ 
drocortisone  and  saline  had  no  effect. 


MINUTES 

Increasing  the  hydrogen  ion  concentration  of  Ilinger’s  solution  by  adding 
liydrochloric  acid  induced  dispersion  of  melanin  granules.  This  disper.sion 
was  reversed  by  noradrenaline  but  not  by  melatonin  and  hydrocortisone 
when  these  agents  were  used  in  the  usual  amounts  (Fig.  6).  However,  when 
maximum  quantities  of  these  hormones  were  used,  all  reversed  the  reaction. 
Only  acetylcholine  had  no  effect  regardless  of  concentration  (F'ig.  2). 

When  skin  was  soaked  in  sucrose  solution  for  ten  minutes,  variable  de¬ 
grees  of  darkening  occurred.  Placing  the  skin  in  fresh  sucro.se  solution  usu¬ 
ally  resulted  in  an  immediate  slight  reversal  of  dispersion,  but  then  the  skin 
continued  to  darken.  None  of  the  four  lightening  agents  tested  reversed  the 
sucrose  dispersion  effect  (Fig.  7)  (Fig.  9).  Slight  reversal  of  disper.sion  oc¬ 
curred  when  1  ml.  of  saline  was  added  at  the  same  time  as  noradrenaline. 
This  effect  was  not  ob.served  with  melatonin  or  hydrocortisone,  but  mela¬ 
tonin  and  saline  caused  a  lag  in  the  expected  continued  disper.sion  (Fig.  8). 
It  was  interesting  that  in  each  case  the  addition  of  1  ml.  of  saline  to  20  ml. 
of  sucro.se  solution  increased  the  darkening  beyond  that  caused  by  .sucrose 
alone.  MSH  produced  almost  no  further  darkening  of  skin  maintained  in 
.sucro.se  solution  (Fig.  9).  Caffeine  cau.sed  further  dispersion  of  pigment 
granules  in  skin  kept  in  sucrose  solution.  However,  this  added  dispersion 
was  le.ss  than  that  produced  b}'  the  same  quantity  of  caffeine  acting  on  skin 
kept  in  Ringer’s  solution.  None  of  the  lightening  agents  reversed  the  added 
darkening  brought  about  by  caffeine  in  .sucrose  solution  Fig.  7). 

The.se  findings  were  in  accord  with  tho.se  of  Xovales  (5)  that  sodium  ions 
are  required  for  MSH  action.  He  also  showed  that  caffeine  produced  normal 
dispersion  in  lithium  Ringer’s  solution  whereas  MSH  had  no  action.  Our 
experiments  confirmed  these  findings  (Figs.  10  and  11).  Also  melatonin  and 
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Acetylcholine  was  added 


Fig.  9.  Two  groups  of  skin  sjiocinions 
wore  koi)t  in  Ringer’s  solution  aiifl  two  in 
sucrose  solution,  the  latter  darkening. 
.\fter  10  minutes  MSH  was  added  to  one 
group  in  Ringer’s  solution  and  one  in 
sucrose  solution.  The  group  in  Ringer’s  so¬ 
lution  showed  marked  darkening,  whereas 
MSH  had  no  effect  on  the  group  in  suerosi' 
-solution,  .\eetyleholine  was  added  to  all 
specimens  after  70  minutes.  Reversal  of 
darkening  occurred  in  the  ^ISH  and 
Ringer’s  solution.  The  control  specimens 
in  Ringer’s  solution  showed  a  slight  dark¬ 
ening  reaction.  Acetylcholine  had  no 
effect  on  specimens  in  sucrose  solution 
with  or  without  MSH. 
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noradrenaline  reversed  eaflfeine  dispersion  in  lithium  Kinger’s  solution. 
Hydrocortisone  had  little  effect-  it  merely  produced  a  temporary  interrup¬ 
tion  in  the  otherwi.se  continuing  darkening  response  (Fig.  10). 


DISCUSSION 

The  movement  of  melanin  granules  in  frog  melanocytes  is  a  spectacular 
phenomenon  to  observe  microscopically.  With  a  variety'  of  treatments 
granules  can  be  made  to  move  rapidly  either  from  the  center  of  the  cell  to 
the  periphery  or  from  the  periphery  to  the  center.  These  remarkable  reac¬ 
tions  can  be  reversed  readily.  (Jranular  movement  proceeds  in  an  orderly 
manner.  There  is  no  random  wandering.  Each  granule  follows  its  fellow 
either  in  a  definite  outward  .streaming  or  in  a  regulated  retreat  towards  the 
center  of  the  cell.  If  the  granules  are  carried  in  a  moving  stream  of  cyto¬ 
plasm,  this  movement  is  in  response  to  definite  directional  forces. 

Seifriz  has  .suggested  that  all  protoplasmic  streaming  is  a  response  to 
changing  electrical  charges  within  the  cell  (6).  Such  changes  could  be 
brought  about  by  the  movement  of  charged  particles  (ions  or  hydrated 
ions)  between  intra-  and  extracellular  compartments.  Direct  proof  of  ionic 
transfer  across  the  cell  membrane  during  dispersion  or  aggregation  of 
melanin  granules  must  await  investigations  at  a  cellular  level.  However,  the 
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Fig.  10.  Ill  each  scIkmiic  of  four  groups 
of  .'ikin  spocimons  two  groups  were  in  so¬ 
dium  Ringer’s  solution  and  two  groujis  in 
lithium  Ringer’s  solution.  There  was  a 
slight  and  variable  amount  of  darkening 
in  the  lithium  solution,  .\fter  20  minutes 
eaffeine  was  added  to  one  group  in  lithium 
and  one  group  in  the  sodium  Ringer’s  solu¬ 
tion.  The  subseciuent  darkening  was  only 
slightly  less  in  the  lithium  than  in  the  so¬ 
dium  solution,  .\fter  05  minutes  the  aggre¬ 
gating  agents  were  added  to  all  groups  in 
eaeh  seheme.  Melatonin  and  noradrenaline 
reversi'd  caffeine  darkening  in  lioth  Ring¬ 
er’s  .solution.  Hydrocortisone  reversed 
caffeine  darkening  in  sodium  hut  not  in 
lithium  Ringer’s  solution. 
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Acetylcholine  was  added  to 
oil  specimens  at  85  mins. 
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Fig.  1 1 .  Two  groujis  of  specimens  w(>re 
kept  in  sodium  and  two  groujis  in  lithium 
Ringer’s  solution.  The  latter  two  groups 
showed  slight  darkening.  After  20  minutes 
MSH  was  added  to  one  group  in  lithium 
and  one  in  sodium  Ringer’s  solution.  MSH 
had  no  effect  in  lithium  Ringer’s  solution 
wlu'reas  in  sodium  Ringer’s  solution  it  pro¬ 
duced  marked  darkening,  .\fter  S5  minutes 
acetylcholine  was  added  to  all  specimens. 
This  |)roduced  a  reversal  of  darkening  in 
the  MSH  and  sodium  Ringer’s  group, 
d’liere  was  no  effect  in  the  other  three 


fe..*  / 


MINUTES 


WRIGHT  AND  LERXER 


Volume  66 


GOK 

results  of  our  experiments  with  pieces  of  intact  skin  strongly  suggest  that 
ionic  transfer  is  involved.  If  the  composition  of  Ringer’s  solution  surround¬ 
ing  the  skin  is  changed  by  adding  distilled  water,  altering  the  normal  ratio 
of  electrolytes  (o)  or  increasing  the  hydrogen  ion  concentration,  the  normal 
balance  between  intra-  and  extracellular  fluids  is  upset  and  changes  are  ob¬ 
served  in  the  state  of  dispersion  of  melanin  granules. 

The  fact  that  AISH  cannot  produce  its  characteristic  effect  in  the  ab¬ 
sence  of  sodium  ions  indicates  that  the  latter  are  involved  in  this  specific 
mechanism  of  dispersion. 

Melanocytes  are  derived  from  the  neural  crest  and  migrate  to  their  posi¬ 
tions  in  the  skin  during  embryonic  development.  Noradrenaline  and  acetyl¬ 
choline,  both  active  agents  in  melanin  granule  aggregation,  are  chemical 
transmitters  of  nerve  impulses.  It  has  been  shown  experimentally  that 
during  transmission  and  conduction  of  a  nerve  impulse  there  is  an  exchange 
of  potassium  and  sodium  ions  accompanying  the  change  in  charge  across 
the  cell  membrane  (7).  In  the  absence  of  adrenal  steroids  the  refractory 
period  of  nerve  is  unduly  prolonged.  It  is  during  this  period  that  there  is  a 
return  of  potassium  ions  to  the  interior  of  the  axon.  Melatonin  is  a  5- 
methoxyindole  derivative  present  in  nerve  tissue  (10)  and  is  the  most  po¬ 
tent  lightening  agent  known.  .All  these  various  points  suggest  that  the 
specific  actions  of  noradrenaline,  acetylcholine,  hydrocorti.sone  and  pos¬ 
sibly  melatonin  on  nerve  cells  are  similar  to  their  actions  on  melanocytes. 

Aggregation  and  dispersion  of  melanin  granules  are  probably  not  pro¬ 
duced  by  enzymic  proces.ses,  but  the  relocation  of  these  granules  may  affect 
some  enzymic  activities.  There  is  good  evidence  that  these  granules,  which 
are  mitochondrial  elements,  not  only  contain  melanin  but  also  have  various 
enzymic  functions  (12).  Their  movement  in  respon.se  to  environmental 
changes  is  obvious  becau.se  of  their  pigment  content.  The  forces  which  move 
the.se  granules  presumably  move  other  cytoplasmic  inclusions  that  are  not 
so  easily  identifiable  in  living  unstained  preparations.  Thus  substances 
known  to  influence  the  movement  of  melanin  granules  may  affect  many  en¬ 
zymic  activities  of  the  melanocytes  and  possibly  of  other  cells. 
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TIME  ('OURSE  OF  URINARY  EX('RETI()X  OF 
INORGANIC’  PHOSPHATE  BY  RATS  AFTER 
PARATHYROIDECTOMY  AND  AFTER 
INJECTION  OF  PARATHYROID 
EXTRACT' 

FILNST  H.  BEITNEIP  and  PAUL  L.  MUNSON 
with  the  Technical  Assistanre  of  Batemax 

Btologiral  Rcucnrch  l.nborntorics.  Harvard  School  of  Dental  Medicine  and  Deparinienl 
of  Dhannacology,  Harvard  Medical  i^chool,  Boston,  Massachusetts 

AHSTH.'.C'T 

S|K»iitaiu‘f)usly  voidc'il  uriiu'  was  collcctt'd  at  intervals  of  o  to  15  minute's 
from  unanestlu'tizcd  male  rats  in  metabolie  n'strainiiiK  eages  during  eontinuous 
intravenous  infusion  of  lehysiolosieal  salt  solution  and  analyzed  for  inorganic 
phosphate  (Pj)-  1 1><'  f'C  excretion  of  Pi  fell  within  25  to  52  minutes  after 
parathyroidectomy  and  continued  to  deeliiu'  during  the  next  3  to  5  hours.  .\t 
the  enil  of  this  interval  the  intravenous  iujeetion  of  parathyroid  extract  n'- 
sidted,  within  S  minutes,  in  a  rise  in  urinary  Pi.  The  rate  eontimu'd  to  increase 
to  a  maxiimim,  IS  to  4S  minutes  after  tlu'  injection,  which  was  within  the  range 
of  the  i)r('operative  values.  The  rate  h'll  gradually  toward  the  pre-injeetion 
h'vel  during  the  lu'xt  om*  to  one  and  a  half  hours.  The  work  lefl  to  the  following 
conclusions:  the  life  of  parathyroid  hormone  in  the  circulation  is  short;  in  the 
normal  intact  rat  there  is  a  continuous  secretion  of  the  hormone;  the  hormone 
acts  directly  on  the  renal  tuhule  to  influence  the  excretion  of  1^.  The  hearing 
of  th('  data  on  concepts  of  the  modi'  of  action  of  parathyroid  hormoiu'  is  dis- 
cusseil. 

RKCI-^NT  research,  reviewed  by  (Jreepand  Kenny  (1),  has  neeessitated 
a  re-evaliiation  of  the  hypothesis  of  Albright  and  eo-workers  (2,  J) 
that  the  parathyroid  hormone  exerts  its  effect  on  calcium  metal)olism 
primarily  through  its  action  on  phosphorus  metabolism,  both  renal  and 
extrarenal.  It  has  now  been  clearly  demonstrated  that  parathyroid  extract 
can  rai.se  the  blood  calcium  in  the  absence  of  the  kidneys  (4,  o,  (i),  that 
parathyroid  implants  result  in  a  marked  localized  resorption  of  bone  (7,  S), 
and  that  changes  in  serum  calcium  after  parathyroidectomy  or  administra¬ 
tion  of  parathyroid  extract  occur  much  earlier  than  any  opposite  change  in 
the  .serum  inorganic  phosphate  (9).  These  results  in  experimental  animals, 
as  well  as  observations  in  the  clinic  (10,  11)  that  are  also  at  variance  with 

R('c»'iv('d  Xovemhc'r  12.  1050. 

*  SupiM)rted  in  juirt  by  grant.-s  fn)m  the  .\merican  Cancer  Society  and  the  National 
Institute  for  .Vrthritis  and  ^Ictabolic  Diseases.  U.  S.  Public  Health  Service  (.V-17S7). 

®  Pn'si'iit  address:  l)('i)artment  of  liacteriology  and  Immunology,  School  of  Me<licine, 
I'niversity  of  Buffalo,  Buffalo  14.  New  York. 
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Albright’s  hypothesis,  have  made  it  conceivable  that  the  apparent  effect  of 
parathyroid  hormone  on  the  rate  of  urinary  excretion  of  phosphate  is  an 
artifact  (o)  or  of  questionable  physiological  significance.  The  original  di.s- 
coveries  of  (Ireenwald  and  Clross  (12,  13)  are,  nevertheless,  still  valid.  The 
parathyroid  hormone  has  a  definite,  although  incompletely  analyzed, 
effect  on  the  renal  excretion  of  inorganic  phosphate  (14,  lo,  10),  and  it 
remains  to  place  this  effect  and  the  direct  effect  on  bone  in  proper  perspec¬ 
tive  for  a  clearer  understanding  of  the  role  of  the  parathyroids  in  the  regu¬ 
lation  of  the  metabolism  of  calcium  and  phosphorus. 

Observation  of  the  sequence  of  metabolic  changes  that  occur  after  the 
j)erformance  of  an  experimental  procedure  constitutes  a  powerful  method 
for  the  investigation  of  biological  mechanisms.  Thus,  in  a  previous  study 
(9),  the  order  of  appearance  of  changes  in  .serum  calcium  and  inorganic 
phosphate  after  parathyroidectomy  and  administration  of  parathyroid 
extract  helped  to  clarify  concepts  about  the  mode  of  action  of  parathyroid 
hormone.  In  the  pre.sent  investigation,  the  time  course  of  the  changes  in 
rate  of  urinary  excretion  of  inorganic  phosphate  by  the  rat  following  the 
same  two  treatments  was  determined.  From  the  results,  it  was  po.ssible  to 
make  certain  inferences  concerning  the  rapidity  of  lo.ss  of  parathyroid  hor¬ 
mone  from  the  circulation,  the  continuity  of  secretion  of  hormone  by  the 
glands,  and  the  renal  tubule  as  a  primary  site  of  action  of  the  hormone. 

MATERIALS  AXD  METHODS 

Tlie  ('.\i)orinu'ntal  animals  were  mal(‘  albino  rats  of  an  inbred  strain  ol)taine(l  eoin- 
inereiallj’  (Holtzman  Co.,  Madison,  \Vis.).  After  reeeijd  from  tbe  sni)i)lier  and  until  the 
Ix'ginning  of  the  experiment,  the  rats  were  houscal  in  susijcmh'd  wire  mesh  eases  in  an 
air-eonditioned  animal  room  maintained  at  78°  ±2°  ('  and  were'  exposed  to  12-hour  lisht- 
dark  intervals.  The  rats  were  fed  a  eommereial  diet  (Purina  laboratory  chow)  and  tap 
water  ad  lib.  Before  the  experiment  the  rats  were  plaeed  in  the  plastie  restraining  eages 
of  Kellogg  et  al.  (17)  for  several  hours  on  sueeessive  days  in  order  to  aeeustom  them  to 
the  environment  of  the  experiment.  The  design  of  the  restraining  eage  permits  sei)arate 
eolleetion  of  urine  and  feees  and  eontinvious  intravenous  infusion  through  a  tail  vein 
without  anesthesia  (exeejjt  during  the  initial  eannulation). 

The  te.st  rat  was  jdaeed  in  the  restraining  eage  the  evening  Imfore  tin*  <lay  of  experi¬ 
ment  and  immediately  following  eannulation  of  a  tail  vein,  ('ontinuous  intravenous  in¬ 
fusion  of  physiologieal  salt  solution  at  a  rate  of  a|)i)roximately  0.2-0. 4  ml.  inin.  was  then 
l)egunand  eontinued  during  the  night  and  throughout  the  expc'riment  the  following  day. 
Mieturition  oeeurred  sjjontaneously  every  5  to  15  minutes.  Eaeh  urine  sami)le  w  as  eol- 
leeted  se|)arately  and  analyzed  for  inorganic  i)hos])hate  by  the  methoil  of  Fiske  and 
SubbaRow  (18).  The  time  intervals  between  and  the  volumes  of  sueeessive  mieturitions 
were  recorded,  and  the  rate  of  phosphate  exeri'tion  was  ealeulatt'd  as  pn.  of  inorganic 
phosphorus  (Pj)  per  minute.  The  rat  was  given  no  food  to  eat  and  no  water  to  drink 
from  the  beginning  of  the  intravenous  infusion. 

For  parathyroidectoni}'  the  rat  was  taken  from  the  eage  without  removal  of  the  intra¬ 
venous  cannula  and  anesthetized  with  ether.  The  glands  w(*re  destroyed  bv  eautc'ry 
with  a  hot  wire  (details  of  the  operation  on  re(juest),  the  incision  was  closed,  and  the 
rat  was  returned  to  the  eage.  Onh*  about  5  to  10  minut(*s  was  r(‘<piired  for  this  ])roeedure. 
In  4  rats  a  sham  operation,  which  involve<l  (‘ther  anesthesia,  an  incision,  exposure  of  the 
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thyro'ul,  and  cautery  of  adjacent  muscles,  was  performed  103-147  minutes  before  para¬ 
thyroidectomy. 

A  crude  hot  or  cold  acid  parathyroid  extract  prepared  in  the  laboratory  from  frozen 
bovine  parathyroid  tissue®  was  injected  into  the  intravenous  cannula.  The  extracts  were 
biologically  standardized  by  the  method  of  Munson  et  al.  (9,  19).  In  3  rats  a  control 
injection  of  jjhysiological  salt  solution  acidified  to  pH  2  was  also  made. 

RESULTS 

Effect  of  parathyroidectomy  on  urinary  inorganic  phosphate 

Five  rats  were  paratiiyroidectomized  after  S  to  10  hours  of  continuous 
intravenous  infusion  with  physiological  salt  solution;  the  effect  on  the  rate 
of  excretion  of  P;  is  summarized  in  Table  1. 

The  control  rate  of  excretion  of  Pi  was  measured  for  80-100  minutes 
immediately  preceding  ether  anesthesia  and  a  sham  parathyroidectomy  (in 


Table  1.  Effect  of  parathyroiuecto.mv  ox  rate  of  i  hixary 

EXCRETIOX  OF  IXORCAXIC  PlIOSCnoRUS  BY  RATS 


Hat  Xo. 

Age 

Body 

weight 

Preop.  Pit 
mean  ±S.l). 

Time  after  PTX  for 
Pi  to  fail  below 
preop.  mean— S.l). 

Time  after  PTX  for 
Pi  to  fail  below 

15  Mg-/niin. 

(lavs 

gin. 

/ig./min. 

min. 

min. 

1 

202 

425 

GO -1-4.0 

25 

118 

2 

G3 

24G 

3G±2.8 

38 

84 

3 

83 

312 

28  +  2.5 

49 

95 

4 

.5(5 

220 

24±4.G 

52 

58 

5 

91 

320 

33±G.G 

29 

47 

G* 

52 

1G7 

.\bbreviations:  |)rcop.,  i)rcopcrative;  Ih,  inorganic  phosphorus;  S.l).,  standard  deviation; 
I’TX,  parathyroidectomy. 

*  i)ata  from  rat  no.  G  are  in  Table  2. 
t  Period  of  80-1(50  min.  immediately  preceding  surgery. 


4  of  the  5  rats).  The  mean  control  rate  was  computed  by  dividing  the  mK-  of 
Pj  excreted  during  the  entire  period  by  the  total  duration  of  the  period  in 
minutes.  The  mean  of  the  values  for  the  individual  urine  collections,  ignor¬ 
ing  differences  in  time  intervals  between  collections,  was  less  than  2.4^;' 
different  from  the  true  mean  rate  in  all  rats.  The  estimate  of  the  “standard 
deviation”  was  unavoidably  computed  from  the  unweighted  individual 
values.  This  departure  from  sound  statistical  practice  does  not  appear  to 
have  affected  the  conclusions  in  any  important  way. 

Following  the  sham  operation,  there  was  an  immediate  transitory  fall  in 
the  rate  of  urine  flow  and  excretion  of  Pi,  followed  by  an  “overshoot”  in  the 
opposite  direction,  with  a  gradual  return  to  the  control  level.  This  consist¬ 
ent  observation  is  illustrated  in  Figure  1  with  data  from  rat  no.  1. 

A  similar  transitory,  biphasic,  artifactual  response  was  observed  im¬ 
mediately  after  parathyroidectom\',  which  was  performed  103-147  minutes 
after  the  sham  operation.  However,  in  25  to  52  minutes  after  parathy- 

®  Kindi}-  donated  by  Eli  Lilly  and  Co.,  through  the  courtc.sy  of  Dr.  K.  K.  ('hen. 
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roideftomy,  the  rate  of  Pi  excretion  had  fallen  one  standard  deviation  or 
more  below  the  control  mean.  In  a  relatively  short  additional  time,  of  (i-lKI 
minutes,  the  urinary  Pi  of  all  the  rats  had  fallen  below  15  minute. 
Because  of  the  considerable  variation  in  age  and  body  weight  of  the  experi¬ 
mental  animals,  the  data,  although  rather  consistent,  were  not  averaged. 

Ejfect  of  uitravenoiis  parathyroid  extract  on  urinary  inorganic  phosphate 

Observations  of  the  phosphaturic  response  to  intravenous  injection  of 
PTE  are  summarized  in  Table  2.  The  injection  was  made  R  to  5  hours  after 


Fig.  1.  Time  course  of  urinary  e.xcretion  of  inorganic  pliosphatc  i)y  an  unancsthetized 
rat  after  paratliyroidectoiny  and  after  injection  of  jiarathyroid  extract,  in  comparison 
with  approi)riate  control  treatments.  At  arrow  1,  the  rat  was  removed  from  its  restrain¬ 
ing  cage,  anesthetized  with  ether,  and  subjected  to  a  sham  ojjeration.  .\t  arrow  2,  the 
rat  was  again  anesthetized  with  ether  and  parathyroidectomized.  .\t  arrow  3  acidified 
phj’siological  salt  solution  was  injected  intravenously.  At  arrow  4  parathyroid  extrai  t 
was  injected  intravenously. 

parathyroidectomy  except  for  rat  no.  6  (15  hours).  Therefore,  the  rate  of 
excretion  of  Pi  had  already  fallen  to  a  low  level  at  the  time  of  the  injection, 
although  in  most  cases  a  downward  trend  was  still  evident. 

The  parathyroid  extract  was  acidic  (pH  2-3)  in  all  cases  but  no.  3,  in 
which  it  was  neutralized  before  injection.  In  three  experiments,  a  control 
intravenous  injection  of  an  equal  volume  (0.10  or  0.22  ml.)  of  acidified 
physiological  saline  was  made  20-120  minutes  before  the  injection  of  PTE. 
The  control  injection  had  no  apparent  effect  on  the  excretion  of  Pj. 
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Table  2.  Eekelt  of  ixtravenoi  s  ix.iectiox  of  parathyroid  extract  ox  rate 

OF  l  RIXARY  EXCRETIOX  OF  IXORC.AXIC  PHOSPHORUS  BY 
ACUTELY  PARATHYROIDECTOMIZED  RATS 


Hat 

Xo.* 

I  )OS<“  of 
PTE 

Pi  bufore 
iiijin-tioii  t 
moan  ±S.I). 

Timo  after  PTE  for  Pi 
to  rise  above  [ire-inj. 
mean-|-S.  I). 

Maxiinuin  P 
after  PTE 

i  Time  after  PTE 
to  maximum  I’i 

I’./rat 

/  min. 

min. 

/ig./niin. 

min. 

I 

20 

.5.8+1 .8 

i 

()7 

28 

2 

10 

12. 1 ± 1  .8 

4 

:i8 

18 

20 

0.2  +  1  .0 

5 

20 

44 

4 

10 

10.7  ±0.8 

8 

22 

48 

() 

20 

10.8+4.2 

0.3t 

00 

40 

AO'orpviations:  PTE,  parathyroid  extract;  U.,  Hiiits;  pre-inj.,  jirc-injcction;  also  sec 
Tahle  1. 

*  See  Tahle  1  for  age  and  body  weight, 
t  Period  of  HO-OO  min.  immediately  ineceding  injection. 

+  Spontaneous  micturition  occurred  20  seconds  after  the  injection  of  PTE.  The  observed 
increase  in  P;  may  have  been  a  chance  occurrence. 


Ill  contrast,  witliin  1  to  8  minutes  after  the  injection  of  10  or  20  units  of 
parathyroid  extract,  the  rate  of  excretion  of  Pi  ro.se  at  least  one  standard 
deviation  aliove  the  pre-injection  mean,  as  sliown  in  Tahle  2.  In  most 
cases,  the  time  interval  between  the  injection  and  the  ri.se  in  urinary  Pi  was 
undoubtedly  even  shorter  than  indicated  in  the  table,  if  it  may  be  assumed 
that  the  rise  began  to  occur  before  it  was  detected  at  the  end  of  the  urine 
collection  period. 

The  rate  of  excretion  of  Pi  continued  to  rise  rather  quickly,  in  22  to  ()7 
minutes,  to  a  maximum  that  was  in  the  range  of  the  values  before  para¬ 
thyroidectomy  in  the  experiments  (rats  no.  1-4)  in  which  these  values  had 
been  determined.  The  period  of  maximum  excretion  of  Pj  was  rather  brief 
and  the  Pi  promptly  began  to  fall  again,  although  more  gradually  than  it 
had  ri.sen.  The  present  experiments  were  terminated  one  and  a  half  to  two 
hours  after  the  injection,  and  at  this  time  the  urinary  Pi  had  not  yet  fallen 
to  the  pre-injection  level. 

Figure  1,  cited  above  for  data  on  the  effect  of  a  sham  operation,  shows  an 
illustrative  experiment  (rat  no.  1)  in  which  the  rate  of  excretion  of  Pi  was 
measured  almost  continuously  for  approximately  12  hours,  before  and 
after  sham  operation,  parathyroidectomy,  control  injection,  and  injection 
of  parathyroid  extract. 

DISCUSSION’ 

Our  previous  conclusion  from  observation  of  the  rapid  fall  in  serum 
calcium  after  parathyroidectomy  (9,  20)  that  the  parathyroid  hormone  in 
the  circulation  is  short-lived  (21)  is  supported  by  the  present  data  on 
urinary  Pi.  Both  sets  of  observations  also  .suggest  that  in  the  normal  intact 
rat  parathyroid  hormone  is  secreted  more  or  less  continuously. 

The  respon.se  of  the  kidney  within  a  few  minutes  after  intravenous  in¬ 
jection  of  parathyroid  extract  .suggests  that  parathyroid  hormone  acts 
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directly  on  the  renal  tulnile.  Although  clearance  techniques  were  not  em¬ 
ployed,  the  magnitude  of  the  changes  observed  was  so  great  that  it  seems 
inconceivable  that  they  could  have  been  due  in  more  than  small  part  to 
hemodynamic  factors.  A  similar  conclusion  was  reached  by  CJershberg  el 
nl.  (22),  who  studied  the  response  to  intravenous  paratliyroid  extract  in  42 
human  patients.  (Jlomerular  filtration  rate,  renal  plasma  flow,  and  plasma 
and  urinary  Pi  were  determined  simultaneously,  and  it  was  concluded  that 
in  all  the  patients  except  two  with  hyperparatliyroidism  the  per  cent  of 
filtered  Pi  reabsorbed  fell  within  15  minutes  after  the  injection.  The  estal)- 
lishment  of  a  direct  effect  of  parathyroid  hormone  on  the  renal  tubule 
would  not  rule  out  the  possibility,  recently  suggested  by  Foulks  and  Perry 
(15,  23,  24),  that  an  important  function  of  parathyroid  hormone  is  “the 
maintenance  of  a  normal  distribution  of  inorganic  phosphate  in  body 
fluids”  through  extrarenal  actions  on  cellular  phosphate  metabolism. 

Previously  (9),  we  have  emphasized  the  fact  that,  contrary  to  the  hy¬ 
pothesis  of  .Albright  and  Ellsworth  (2,  3),  after  parathyroidectomy  and 
after  injection  of  parathyroid  extract  changes  in  serum  calcium  occur 
more  rapidly  than  opposite  changes  in  serum  Pi.  Our  present  report  dem¬ 
onstrates  that  changes  in  the  urinary  Pj  occur  much  more  rapidly  than 
changes  in  either  the  calcium  or  Pj  of  the  serum.  The  fall  and  rise  in  uri¬ 
nary  Pi  observed  in  response,  respectively,  to  parathyroidectomy  and 
parathyroid  extract,  althougli  large  in  comparison  with  the  appropriate 
control  periods,  were  small  in  relation  to  the  total  available  Pi.  Only  after  a 
considerable  period  of  time  would  these  changes  exert  sufficient  effect, 
especially  in  the  face  of  various  compensating  mechanisms,  to  be  reflected 
in  detectable  changes  in  serum  Pi.  The  observation  of  rapid  changes  in 
urinary  Pi  is  therefore  not  inconsistent  with  previous  data  (9)  that  dem¬ 
onstrated  a  considerable  delay  in  the  response  of  the  serum  Pi  to  para¬ 
thyroidectomy  and  to  parathyroid  extract. 
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ABSTRACT 

The  testis  of  a  gonadotropin-stimulated  stallion  was  perfused  with  horse 
blood  containing  sodium  aeetate-l-C*^  for  24  hours.  The  neutral  lipide  frac¬ 
tion  (with  the  aid  of  carrier  steroids)  on  fractionation  and  purification  by  con¬ 
ventional  methods  including  chromatography  on  paper,  crystallization  and 
formation  of  derivatives,  yielded  the  following  radiochemicallj'  pure  substances : 
4-androstene-3,17-dione,  testosterone,  progesterone  and  17-hydroxyprogester- 
one.  1  l|S-Hydroxy-4-androstene-3,17-dione,  added  as  carrier,  was  isolated 
devoid  of  radioactivity,  signifying  its  absence  in  normal  testis  tissue.  The  high 
level  of  isotope  incorporated  into  the  above  steroids  is  interpreted  as  reflecting 
a  relatively  great  steroidogenic  capacity  of  stallion  testis  tissue. 

The  recent  elucidation  of  the  biosynthetic  pathway  leading  to  the 
androgenic  steroid  hormones  in  rat,  bovine  and  human  testis  tissue 
(1-4),  has  revealed  the  role  of  progesterone  as  the  biochemical  precursor  of 
testosterone  and  4-androstene-8,17-dione,  both  of  which  are  formed  in  and 
secreted  by  testis  tissue  (5-8).  The  pathway  postulated  by  Slaunwhite  and 
Samuels  (1)  (progesterone— >17-hydroxyprogesterone— >4-androstene-3, 17- 
dione^^^testosterone),  and  demonstrated  by  means  of  isotopically-labelled 
progesterone  and  17-hydroxyprogesterone  (1-4,  9-10)  added  as  substrate, 
requires  that  both  progesterone  and  17-hydroxyprogesterone  be  formed 
endogenously  in  normal  testis  tissue.  Both  compounds  have  been  shown  to 
be  synthesized  (from  acetate-l-C'^)  in  testicular  tumor  tissues  (9,  11)  and 
have  been  isolated  from  normal  ovarian  (12)  and  arrhenoblastoma  tissues 

(13). 
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In  the  present  study  we  wish  to  report  the  endogenous  formation  of  l)oth 
radioactive  progesterone  and  17-hydroxy  progesterone,  as  well  as  radio¬ 
active  4-androstene-3,17-dione  and  testosterone  from  acetate-l-C'^  by  an 
intact  gonadotropin-stimulated  stallion  testis.  By  means  of  the  carrier- 
dilution  technique  the  relative  amounts  of  the  four  steroids  formed  by  the 
perfused  testis  have  also  been  determined  from  the  accumulation  of  isotope 
in  each  steroid. 


EXPERIMENTAL  AND  RESULTS 

The  detailed  description  of  the  pre-treatment  (130,000  i.u.  of  chorionic 
gonadotropin,  A.P.L.,  Ayerst  Laboratories,  New  York)  of  the  stallion,  the 
orchiectomy  and  perfusion  of  the  testis,  have  been  reported  (14).  Briefly 
the  procedure  consisted  of  the  administration  of  gonadotropin  for  (5  (lays. 
On  the  seventh  day  the  testis  was  removed  under  pentothal  anesthesia, 
and  the  artery  cannulated.  The  intact  gland  was  perfused  continuously  for 
24  hours  with  a  sterile  solution  of  defibrinated  horse  blood  and  White’s 
solution  (equal  parts)  to  which  were  added  2.0  me.  of  sodium  acetate-l-C'^ 
.At  the  end  of  the  perfusion,  the  testis  tissue  and  blood  (as  plasma  and  cells) 
were  treated  separately  as  described  earlier  (14).  The  neutral  lipide  frac¬ 
tions  were  combined  to  provide  a  total  extract  weighing  1.027  gm.  and  con¬ 
taining  125X10'’  c.p.m.  as  determined  in  a  flow-gas  windowless  counter 
operating  at  approximately  45  per  cent  efficiency.  At  this  point  cry.stalline 
steroids  were  added  as  carriers  in  order  to  facilitate  the  isolation  of  radio¬ 
active  substances  present  in  the  lipide  extract;  all  steroids  were  homogene¬ 
ous  as  determined  by  paper  chromatography,  and  the  amounts  added  are 
listed  below. 

The  mixture  of  carrier  steroids  and  crude  neutral  lipides  was  subjected 
to  an  S-transfer  counter-current  distribution  between  ligroin  (b.p.  00-70°) 
and  00  per  cent  methanol-water  in  which  the  lower  phase  (aqueous  meth¬ 
anol)  was  transferred.  The  resulting  distribution  of  weight  and  radioac¬ 
tivity  among  the  9  tubes  are  shown  in  Table  1.  Only  tubes  7  and  8  con¬ 
tained  significant  amounts  of  the  carrier  steroids  as  determined  by  absorp¬ 
tion  at  240  m/i;  the  contents  of  these  tubes  were  combined,  dissolved  in 
toluene  and  extracted  several  times  with  IX  sodium  hydroxide  in  order  to 
remove  traces  of  radioactive  acidic  and  phenolic  substances.  The  neutral 
fraction  was  treated  with  (lirard’s  reagent  T  (15)  to  provide  a  ketonic  neu¬ 
tral  and  a  non-ketonic  neutral  fraction;  the  separation  was  carried  out  once 
more  on  the  non-ketonic  fraction.  The  distribution  of  radioactivity  and 
weight  among  these  fractions  is  given  in  Table  1. 

The  purified  neutral  ketonic  extract  was  subjected  to  chromatography 
on  filter  paper  in  the  system  ligroin  propylene  glycol  (Iff)  according  to  the 
following  scheme;  the  extract  was  chromatographed  on  six  16-cm.  wide 
sheets  for  98  hours,  to  provide  two  steroid  zones  (located  by  examination 
under  ultraviolet  light),  the  slower  of  which  was  ll/3-hydroxy-4-andro- 
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stene-8,17-dione  and  the  faster  containing  both  17-hydioxyprogesterone 
and  testosterone  in  admixture  (10).  The  steroid  zones  were  eluted  sepa¬ 
rately  and  rechromatographed  in  the  same  solvent  system  in  order  to  re¬ 
move  effectively  traces  of  other  steroids  which  were  present  in  consequence 
of  the  heavy  loading  of  the  initial  chromatograms.  The  portion  of  the  ex¬ 
tracts  which  had  moved  off  the  paper  chromatograms  (run-off)  was  chro¬ 
matographed  in  the  same  system  for  17  hours  to  provide  two  steroid  zones, 
4-androstene-3,17-dione  and  progesterone;  each  steroid  zone  was  eluted 
and  separately  chromatographed  once  more. 

The  double  zone  containing  17-hydroxy  progesterone  and  testosterone 
was  freed  from  propylene  glycol  by  dissolving  in  methylene  chloride  and 
shaking  several  times  with  water.  The  solvent  was  removed  and  the  residue 


Table  1.  Distribution  of  weight  and  radioactivity  in 

FRACTIONATION  OF  NEUTRAL  LITIDE  EXTRACT 


mg. 

C.p.m. 

Total  lipide  extract  (+a(l(le(l  carriers) 

1,181 

125  X106 

S-Transfer  c.c.d. 

tube  ft) 

579 

48.15X10'> 

1 

178 

33. 15 X 10' 

2 

53 

18.20X10' 

a 

36 

6.15X10' 

4 

22 

2.73X10' 

5 

17 

1  .17X10' 

(i 

36 

2.09X10' 

7 

61 

2.89X10' 

8 

ItiO 

9.47X10' 

Tillies  7+8  Non-ketonic  fraction 

32 . 5 

2.04X10' 

Tubes  7  +8  Ketoriic  fraction 

152.9 

8.16X10' 

dried  (16.4  mg.);  treatment  with  acetic  anhydride  and  pyridine  (17)  af¬ 
forded  a  residue  which  when  chromatographed  in  ligroin-propylene  glycol 
(8  hours)  separated  into  two  steroid  zones,  the  slower  of  which  was  17- 
hydroxyprogesterone  and  the  faster  was  testosterone  acetate. 

Each  steroid  so  obtained  was  free  from  other  steroids,  but  contained  con¬ 
siderable  amounts  of  lipide  and  non-specific  radioactive  materials.  Repeti¬ 
tion  of  chromatography  on  paper  eventually  provided  semi-crystalline 
products  which  were  further  purified  on  small  columns  of  silica  gel  (Davison 
Chemical  Company,  Baltimore,  Maryland)  by  elution  with  benzene  con¬ 
taining  increasing  amounts  of  ethyl  acetate.  The  final  products  were  meas¬ 
ured  by  weight  or  by  absorption  at  240  m^  in  methanol;  recovery  of  the 
added  carrier  steroids  at  this  stage  varied  between  2.0  and  6.0  mg  Since 
the  steps  leading  to  radiochemical  purity  of  these  products  differed  some¬ 
what  in  each  case,  each  will  be  described  separately. 

Progesterone.  Two  milligrams  were  obtained  with  a  total  radioactivity 
content  of  approximately  64,000  c.p.m.  This  was  diluted  with  IS  mg.  of 
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additional  crystalline  progesterone  carrier  and  recrystallized  several  times 
from  methanol.  A  final  crop  of  crystals  weighed  5.0  mg.  (m.p.  122-123° 
uncorr.)  and  had  a  specific  activity^  of  2,025;  the  non-crystalline  residue 
in  the  mother  liquors  counted  1,920  per  mg.  Formation  of  the  oxime  did  not 
change  the  specific  activity. 

17-H ydroxy progesterone.  Two  milligrams  of  cry  stalline  product  were  ob¬ 
tained  from  the  chromatograms  following  the  separation  from  testosterone 
acetate.  Addition  of  carrier  (15  mg.)  and  chromatography  in  methyl  cy¬ 
clohexane:  toluene  (1:1  by  volume)-propylene  glycol  (8  hours)  gave  a 
single  zone  which  after  several  recrystallizations  from  methanol  yielded  7.0 
mg.  of  crystalline  17-hydroxyprogesterone  (m.p.  216-217°,  uncorr.),  spe¬ 
cific  activity  240  and  a  mother  liquor  residue  whose  specific  activity  was 
257.  Formation  of  the  oxime,  chromatography  on  paper  in  toluene-propy¬ 
lene  glycol  (70  hours)  and  crystallization  did  not  change  the  specific  ac¬ 
tivity. 

4-Androstene-3,17-dtone.  The  product  was  obtained  as  an  oil  and  meas¬ 
ured  2.2  mg.  by  absorption  at  240  ni/x  in  methanol  and  contained  a  total  of 
169,500  c.p.m.  Fifteen  milligrams  of  carrier  steroid  were  added  and  the  mix¬ 
ture  chromatographed  in  ligroin-propylene  glycol  to  yield  a  single  zone, 
which  on  elution  and  silica  gel  chromatography  yielded  a  crystalline  resi¬ 
due.  This  was  crystallized  several  times  from  hexane  before  a  mother  liquor 
residue  and  the  derived  crystals  both  had  the  same  specific  activity  (within 
experimental  error)  of  7,300  and  7,000,  respectively.  The  crystals  were  usetl 
in  the  formation  of  the  oxime  and  the  product  showed  no  change  in  specific 
activity. 

Testosterone.  A  total  of  3.5  mg.  of  testosterone  acetate,  containing  324,000 
c.p.m.,  was  obtained  following  chromatography.  This  was  recrystallized 
from  hexane  to  yield  1.3  mg.  (m.p.  135-137°,  uncorr.)  with  a  specific  ac¬ 
tivity  of  34,000  (calculated  as  testosterone).  To  1.07  mg.  of  this  were 
added  15  mg.  of  crystalline  testosterone  acetate  and  the  mixture  recrystal¬ 
lized  several  times  from  hexane  to  yield  crystals  (9.4  mg.)  and  mother 
li(}Uor  residue,  both  counting  2,280  per  mg.  Saponification  of  the  crystals  in 
methanolic  potassium  bicarbonate  gave  testosterone  with  a  specific  ac¬ 
tivity  of  2340  after  crystallization  from  methanol. 

1 1 0-Hydroxy-4-androstene-3,17-dione.  As  obtained  from  the  chromato¬ 
grams,  this  compound  weighed  2.0  mg.  and  had  a  specific  activity  of  4,350. 
This  was  diluted  with  15  mg.  crystalline  ll/3-hydroxy-4-androstene-3,17- 
dione  and  recrystallized  several  times  from  acetone-hexane  to  yield  a  final 
crop  of  crystals  (m.p.  198-199°  corr.,  specific  activity  61)  and  a  mother 

*  Specific  .\ctivity  (counts  per  minute  per  mg.)  was  determined  in  duplicate  on  200- 
.SOO  fig.  samples  (microbalance)  of  steroid  plated  on  fared  aluminum  dishes;  a  minimum 
of  4,000  counts  was  accumulated  for  each  sample.  Where  derivatives  of  steroids  were 
measured  the  given  specific  activities  were  corrected  for  differences  in  molecular  weight 
and  calculated  for  the  free  steroid. 
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liquor  residue  of  specific  activity,  870.  Oxidation  in  chromic  acid-acetic 
acid  gave  adrenosterone  which  was  chromatographed  on  paper  in  ligroin- 
propylene  glycol  (41  hours),  and  recrystallized  from  methanol.  The  crystals 
(m.p.  218-219°  corr.)  had  a  specific  activity  of  19;  the  mother  liquor  resi¬ 
due  counted  52  per  mg.  Formation  of  the  oxime  and  crystallization  gave 
a  product  with  no  significant  radioactivity  content.  The  radioactivity  as¬ 
sociated  with  the  carrier  ll/3-hydroxy-4-androstene-8,17-dione  was  there¬ 
fore  considered  to  be  due  to  contamination. 

The  final  specific  activities  of  each  of  the  above  compounds  at  the  stage 
of  radiochemical  purity  (except  ll/3-hydroxy-4-androstene-3,17-dione), 
represent  values  on  material  diluted  a  second  time  with  carrier  steroid. 


Table  2 


Carrier  steroid  added 

mg. 

Final  derived 
specific 
activity* 
c./m./mg. 

Total 

c.p.ni. 

Percent  of 
acetate-l-('‘' 
added  as 
substrate** 

l)rogesterone 

25.0 

20,250 

0.50(5XH)‘ 

0.022 

1 7-hvdrox  vprogesterone 

20.  (i 

2,040 

0.054X10' 

0.002 

4-andro8tene-:i,  1 7-dione 

25.4 

.59,500 

1 .500X10' 

0.0(58 

testosterone 

25.0 

:I4,400 

0.8(50X10' 

o.o:i9 

1 1  d-bydroxy-4-androstene-3, 1 7-dione 

2(5.7 

nil 

nil 

— 

*  Values  in  this  column  are  based  upon  a(‘tual  values  obtained  following  further  dilution 
with  carrier  steroids;  for  details  see  experimental  section. 

**  Based  upon  a  counting  efficiency  of  45  per  cent. 


PTom  the  final  specific  activity  value,  the  quantity  of  diluent  steroid  and 
the  quantity  which  was  diluted,  the  specific  activity  of  each  original  car¬ 
rier  added  at  the  initial  stage  of  the  study  was  calculated.  This  derived 
.specific  activity  multiplied  by  the  initial  quantity  (in  mg.)  of  carrier,  pro¬ 
vides  the  total  accumulation  of  isotope  in  each  steroid.  Both  derived  spe¬ 
cific  activities  and  total  radioactivities  are  given  in  Table  2,  along  with 
the  weights  of  carrier  steroids  added  at  the  outset  of  the  study. 

DISCUSSION 

The  incorporation  of  acetate-l-C***  by  surviving  endocrine  tissue  prepa¬ 
rations  into  various  steroid  products  is  a  well  accepted  qualitative  means 
of  assessing  hormonal  anabolism.  By  entering  into  the  synthetic  process  at 
an  early  point,  the  radioactive  precursor  is  carried  through  the  steps  of 
steroid  biosynthesis  to  accumulate  in  the  normal  end-products.  The  car¬ 
rier-dilution  technique  provides  a  means  of  studying  the  total  radioactivity 
accumulated  in  certain  specific  steroid  products,  and  if  carried  out  iiuanti- 
tatively,  affords  a  measure  of  the  relative  amounts  of  the  steroids  formed  in 
the  course  of  the  experiment.  The  present  study  therefore  has  afforded  such 
an  assessment  of  the  elaboration  of  five  steroid  substances  by  a  stallion 
testis,  in  which  the  endocrine  function  is  presumed  to  have  been  substan¬ 
tially  enhanced  by  the  gonadotropin  administered  to  the  stallion  prior  to 
the  removal  and  perfusion  of  the  gland. 
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The  results  reveal  a  significant  accumulation  of  isotope  in  four  of  the 
five  steroids  studied  and  provide  evidence  for  their  biosy  nthesis.  Thus,  as 
the  values  in  Table  2  show,  radioactive  4-androstene-:bl”-dione,  testo¬ 
sterone,  progesterone  and  17-hydroxyprogesterone  in  that  order  of  quan¬ 
tity,  have  been  synthesized  from  acetate-l-C*^  by  the  .stallion  testis.  The 
two  major  steroids  produced  by  the  gland,  testosterone  and  4-androstene- 
:bl7-dione,  have  previously  been  detected  in  the  effluent  of  dog  (7,  8)  and 
human  testes  ((i) ;  rat  testis,  however,  does  not  appear  to  form  testosterone 
endogenously  (from  radioacetate)  (5).  The  relative  amounts  of  radioactiv¬ 
ity  in  each  of  the  two  androgens  formed  in  this  study  indicate  that  the 
stallion  testis  produces  (at  least  on  perfusion)  twice  as  much  4-androstene- 
R,17-dione  as  it  does  testosterone.  The  rever.se,  however,  is  found  in  canine 
(8)  and  bovine  testis  (Savard  and  Gassner,  unpublished  data),  sugge>iting 
the  possibility  of  a  species  difference  in  the  ratio  of  these  two  companion 
androgens.  It  is  interesting  that  the  estrogens  elaborated  and  relea.sed  by 
this  perfused  stallion  testis  and  reported  separately  (14),  showed  estrone 
and  e.stradiol-17^  to  be  in  approximately  the  same  ratio  as  the  two  andro¬ 
gens  .synthesized  simultaneously  and  reported  here. 

Radioactivity  in  the  progesterone  and  17-hydroxyprogesterone  isolated 
in  this  study  .serves  to  demonstrate  for  the  first  time  the  endogenous  syn¬ 
thesis  of  the.'^e  two  compounds  by  normal  (non-neoplastic)  testis  tissue. 
■This  is  the  first  reported  demon.'^tration  of  the  endogenous  biosynthe.sis 
of  17-hydroxyprogesterone  by  the  male  gonad;  it  has  however  been  isolated 
from  normal  ovary  (12).  Both  compounds  are  synthesized  from  radioace¬ 
tate  by  human  testis  tumors  (9,  11).  This  evidence  of  progesterone  and  17- 
hydroxyprogesterone  biosynthesis  in  testis  tissue  serves  to  establish  firmly 
the  role  of  these  two  C21  .steroids  as  the  biochemical  precursors  of  te.sticular 
androgens  as  first  proposed  by  Slaunwhite  and  Samuels  (1).  Together  with 
the  results  of  studies  on  other  gonadal  tissues  (18-20)  and  on  the  adrenal 
gland  (21),  this  evidence  supports  the  concept  of  a  fundamental,  common 
))iosynthetic  pathway  for  the  formation  of  the  steroid  hormone  skeleton, 
a  pathway  which  is  identical  in  all  steroidogenic  tissues,  with  the  possible 
exception  (for  want  of  evidence  at  the  present  time)  of  the  placenta.  The 
se(juence  of  chemical  alterations,  from  the  precursors  of  progesterone  to 
those  end  products  characteristic  of  the  particular  tissue,  appears  to  be 
(pialitatively  the  same  in  the  gonads  and  the  cortex  of  the  adrenal.  This 
common  property  of  these  three  tissues  may  well  reflect  their  related  em- 
bryological  origins.  Moreover,  this  similarity  may  prov'e  to  be  even  greater 
than  suspected  in  tlie  light  of  the  finding  of  21-hydroxylase  in  normal  rat 
te.stis  tissue  recently  reported  (22). 

The  absence  of  radioactivity  in  the  carrier  ll/3-hydroxy-4-androstene- 
R,17-dione  isolated  in  this  study  implies  thac  this  compound,  normally 
produced  by  the  adrenal  cortex  (28,  24)  and  recently  shown  to  be  elabo- 
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rated  hy  a  virilizing  interstitial-cell  tumor  of  the  testis  (0,  D),  is  not  an  im¬ 
portant  product  of  the  gonadotropin-stimulated  testis. 

The  synthesis  of  progesterone  and  17-hydroxyprogesterone  hy  testis 
tissue  implies  an  additional  source  of  the  precursors  of  human  urinary  preg- 
nanediol  and  pregnanetriol.  The  former  has  hitherto  been  considered  to 
reflect  progesterone  production  by  the  adrenal  and  ovary,  while  the  latter 
has  been  associated  with  the  abnormal  adrenocortical  function  of  congenital 
adrenal  hyperplasia  (2o).  The  occurrence  of  both  pregnanediol  and  preg¬ 
nanetriol  in  the  urine  of  the  male  may  now  be  ascribed  in  part  to  the  secre¬ 
tion  of  both  progesterone  and  17-hydroxyprogesterone  by  the  testis.  Al¬ 
though  significant,  the  synthesis  of  the  latter  compound  relative  to  that  of 
the  two  androgens  is,  however,  slight. 

In  view  of  the  preoperative  gonadotropin  stimulation,  some  reservations 
may  be  held  as  to  the  normalcy  of  the  gland  employed.  This  aspect  may 
however  be  less  important  than  the  changes  wrought  by  the  perfusion  con¬ 
ditions,  which  attempt  to  approximate  the  natural  state  of  the  gland.  It  is 
noteworthy  in  this  regard,  that  in  recent  studies  (Savard  and  (loldzieher, 
unpublished  data)  a  stallion  testis,  prepared  and  y)erfused  under  similar 
conditions,  was  capable  of  the  synthesis  de  novo  of  0  -7  mg.  of  total  andro¬ 
gen  (as  measured  by  bioassay).  Furthermore,  a  most  impressive  incorpo¬ 
ration  of  isotope  from  acetate-l-C'^  occurred  in  the  present  experiment; 
the  accumulation  of  O.IK  per  cent  of  the  radioactive  precursor  (Table  2)  in 
the  four  steroids  studied  has  been  observed  only  in  the  case  of  an  inter¬ 
stitial-cell  tumor  of  the  testis  (9)  and  therefore  must  reflect  the  great  over¬ 
all  steroidogenic  capacity  of  the  stallion  testis.  The  high  estrogen  output 
(14),  reflected  in  the  urinary  estrogen  titers  of  the  stallion  (20,  27),  appears 
not  to  be  unusual,  but  rather  to  indicate  a  large  total  steroidogenic  ability 
of  the  stallion  testis. 

It  should  be  noted  that  considerable  non-steroid  radioactivity  found  its 
way  through  the  various  steps  of  the  separation  procedure  (Table  1).  This 
tenacious  contamination,  if  not  rigorously  eliminated,  oftentimes  may 
distort  (piantitative  and  (jualitativ'e  results  in  this  type  of  study.  The  iso¬ 
lation  of  1  l/3-hydroxy-4-androstene-:i,17-dione,  devoid  of  radioactivitj’, 
lends  increased  confidence  to  the  reliability  of  the  methods  employed  (9). 
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XOTKS  AND  (X)MMENTS 

KFFIXT  OF  ADHKNAL  (’OHTK  AL  HOU.MOXKS  OX  EUrPTIOX  RATE 
OF  IXT'ISOH  TEETH  IX  THE  RAT* 

ABSTRACT 

The  influence  of  tlie  adrenal  t^lands  on  the  eruption  rate  of  adult  rat  maxillary 
incisor  teeth  was  investigated,  .\dininistration  of  cortisone  to  normal  controls  in 
graded  doses  resulted  in  an  eidianced  eruption  rate.  .Adrenalectomy  was  followed  by 
a  decreased  *-ruption  rat(‘  which  was  raj)idly  returned  to  normal  by  cortisone  treat¬ 
ment,  but  not  by  desoxycorticosterone  acetate.  llypo|)hysectomy  also  caused  a 
diminish(‘d  eruption  rate  which  was  rapiiily  correctecl  by  cortisone  administration. 

These  findings  demonstrate  the  imi)ortance  of  the  glucocorticoid  type  of  adrenal 
steroids  on  incisor  eruption  in  the  adult  rat. 

Rat  incisor  teeth  continue  to  eru])t  throughout  life  with  the  exposed  portions  being 
ke])t  to  a  fairly  constant  lengtli  by  attrition.  The  eruption  rate*  is  known  to  be  dimin¬ 
ished  in  tlie  absence  of  the  liyi)ophysis  or  thyroid  and  restored  toward  normal  by  replace¬ 
ment  therapy  with  growth  hormone  or  thyroxine  resp<‘etively  (1,  2,  3).  I’armer  et  nl. 
rejmrted  i)rematur(‘  incisor  emergence  into  the  oral  eavitt'  in  newborn  rats  treated  with 
cortisone  (4). 

Information  being  scant  regarding  the  influence  of  the  adrenal  glands  on  the  eruittion 
rate,  exi)eritnents  were  designc'd  to  establish  whether  such  relationship  exists. 

M.\Tt:KI.\LS  .tNM)  MKTUOnS 

The  extent  of  linear  eruption  of  the  maxillary  incisor  teeth  was  measured  at  weekly  inter¬ 
vals  in  male  albino  rats  of  the  Holtzmaii  strain  by  the  method  of  Schour  and  Van  l)yk(‘  (1). 
Fnder  light  ether  anesthesia,  a  fine  mark  was  cut  into  the  labial  surface  of  the  right  maxillary 
incisor  at  the  gingival  margin  with  a  Swiss  jeweler’s  file  at  seven-day  intervals.  The  distance 
Ix'tween  the  last  two  marks  was  measured  with  a  vernier  calii)er  to  the  nearest  O.l/mm. 

EJffct  of  cortisone  acetate  in  intact  rats 

Fifty  rats  weighing  270 -300  gm.  were  randomixcxl  into  five  groups  of  10  rats  each  and 
treated  as  follows;  (Iroup  .A  -unirc'ated;  (iroups  B,  C\  1)  and  E  w(>re  treated  respectively 
with  1,  2.5,  5  and  10  mg.  cortisone  acetate  daily.  The  erui)tion  rate  was  measured  weekly  for 
fo\ir  consecutive  weeks.  .At  the  end  of  the  first,  second  and  third  weeks  two  animals  selected 
at  random  from  each  grouj)  were  kilhxl,  atid  the  upper  incisors  and  surrounding  alveolar  bone 
were  carefully  separated  from  the  skull.  One  incisor  was  i)repared  for  histochemical  demon¬ 
stration  of  alkaline  i)hosphatase  activity  (5),  and  the  otlier,  for  general  histological  study, 
with  .sections  alternately  stained  with  hematoxylin  and  eosin,  and  Heidenhains  azan.  The 
tooth  structure,  surrounding  alveolar  bone,  connective  tissue  and  vascular  channels  were 
studied. 

Effc-t  of  cortisone  acetate  on  hypophnsectoniized  rats 

The  eru|)tion  rate  was  determined  in  lb  rats  just  prior  to  and  for  2b  days  after  hyi)ophy.sec- 
tomy.  B(‘ginning  at  the  2bth  iiostoperative  day,  2.5  mg.  cortisone  acetate  were  administered 
daily  for  two  weeks  to  9  of  the  Hi  operated  animals.  The  remaining  7  animals  served  as  un¬ 
treated,  operated  controls.  .Additional  control  data  were  provideil  bj'  a  group  of  7  intact,  un¬ 
treated  rats. 

Effect  of  cortisone  acetate  and  desoxycorticosterone  acetate.  (DCA)  administration  on  adrenalec- 
toinized  rats 

Forty-one  rats,  weighitig  2(i5  290  gm.  were  used;  31  were  bilaterally  adrenalectomized  and 
10  sham  operated.  .All  animals  were  offered  both  taj)  water  and  1%  saline  ad  libitum.  The  e.x- 

Reccived  October  12,  1959. 

*  Preliminary  rci)ort  presented  at  the  International  .Association  for  Dental  Research, 
March,  1955. 
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tent  of  eruption  was  measured  initially  for  one  week  prior  to  and  one  week  following  the  opera¬ 
tions.  The  adrenalcctomized  rats  were  then  randomized  into  three  groups  and  treated  for  7 
days  as  follows:  7  reeeived  0.25  mg. /day  8  reeeived  2.5  mg. /day  eortisone  acetate, 

and  16  were  untreated.  At  the  end  of  the  second  postoperative  week  a  terminal  measurement 
of  eruption  rate  was  made  in  all  animals. 


RE.SULTS 

Cortisone  acetate  in  intact  rats — Cortisone  acetate  in  all  doses  used  caused  the  eruption 
rate  to  increase  significantly  (P<0.01)  over  that  observed  in  the  untreated  animals 
(Table  1).  However,  the  group  receiving  1  mg.  did  not  differ  significant!}’  from  that  given 
2.5  mg.  and  similarly  the  group  receiving  5  mg.  did  not  differ  significantly  from  that  re¬ 
ceiving  10  mg.  The  1  and  2.5  mg.  groups  were  significantly  different  from  the  5  and  10 
mg.  groups.  This  dose  resi)onse  was  noted  during  the  first  two  weeks  of  treatment. 


T.\bi,e  I.  Incisor  eri  ptiox  r.\te  (e.r.)  ok  intact  rats 

TREATED  WITH  CORTISONE  ACETATE 


IJosi- 

(iiig.  day) 

\Vet*k  1 

VVev 

k  2 

Week  3 

Ww 

k  4 

No. 

Body 

wt. 

fRin.) 

E.R. 

No. 

Body 

wt. 

(Km.) 

E.R. 

No. 

Body 

K.R. 

No. 

Body 

wt. 

(Km.) 

E.R. 

rats 

(iiiiii.) 

rats 

(mm.) 

rats 

(Kill.) 

(mm.) 

rats 

(mm.) 

Control 

10 

303 

2.5  ± .3* 

8 

336 

2.9±  .2 

6 

354 

2.8  ± .2 

4 

383 

2.7  ±  .1 

1.0 

10 

303 

3.05±  .3 

8 

311 

3.3±  .3 

6 

314 

3.26±  .1 

4 

328 

3.0  ±  .1 

2.5 

10 

205 

3.18±  .2 

8 

290 

3.5±  .2 

6 

282 

2.48±  .3 

4 

271 

3.12±  .1 

5.0 

10 

293 

3.6  ±  .3 

8 

276 

3.7±  .1 

6 

253 

3.23±  .2 

4 

243 

2.8  ±  .2 

10.0 

10 

283 

3.4  ±  .3 

7 

246 

3,6±  .3 

5 

235 

2.9  ± .2 

3 

223 

2.06±  .3 

♦  Standard  deviation. 


-V  falling-off  in  eruption  rate  was  noted  in  all  animals  during  the  third  week,  being 
more  marked  in  those  receiving  the  higher  doses  of  the  steroid.  In  the  fourth  week  the 
eruption  rate  diminished  even  more  markedly.  .\  decrease  in  body  weight  relative  to  tlu* 
amount  of  eortisone  administered  was  observed  in  those  rats  receiving  more  than  1.0 
mg.  steroid  daily.  The  group  treated  with  1  mg. /day  cortisone  acetate  continued  to  gain 
weight,  though  in  smaller  increments  than  the  controls. 

No  differences  in  either  morphology  or  alkaline  phosphatase  activity  were  observed 
between  the  sections  of  the  cortisone  treated  and  the  control  groups. 

Cortisone  acetate  in  iujpophysectomized  rats — The  eruption  rate  at  26  days  after  hy- 
pophysectomy  was  36%  that  of  the  intact  control  animals.  The  administration  of  2.5  mg. 
cortisone  acetate  daily  returned  the  eruption  rate  to  approximately  control  values.  In 
untreated  hypophysectomized  rats  eruption  continued  to  decline  slowly  during  the  26th 
to  40th  postoperative  days  (Fig.  1). 

Adrenocortical  steroids  in  adrenalectomized  rats — .\drenaleetomy  reduced  the  eruption 
rate  to  69%  of  that  noted  in  the  sham  operated  controls  one  week  after  operation,  .id- 
ministration  of  0.25  mg.  DC.\  daily  for  one  week  had  no  significant  effect  on  eruption 
rate.  Injection  of  2.5  mg./day  of  cortisone  acetate,  however,  for  the  same  time  interval 
returned  the  eruption  rate  of  adrenalectomized  animals  to  the  control  level  (Table  2). 

COMMENT 

These  data  demonstrate  the  importance  of  the  adrenal  glucocorticoids  in  incisor 
eruption  in  the  rat.  Since  both  the  adrenalectomized  and  the  hypophysectomized  ani¬ 
mals  lost  weight,  it  is  of  interest  that  Bryer  (6)  noted  that  starvation  per  se  did  not 
affect  eruption  adversely.  The  changes  in  the  alveolar  bone  and  periodontal  membrane 
in  cortisone-treated  rats  noted  by  Goldsmith  et  al.  (7,  8)  were  not  observed  in  this  study. 
It  is  therefore  unlikely  that  the  effect  of  cortisone  on  tooth  eruption  is  secondary  to  its 
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Days  after  hypophysectomy 

Fig.  1.  The  offi'ct  of  cortisoiu'  acotate  on  incisor  cruj)tion  rate  of  hypo])liyscctoinizc(l 
adult  rats.  The  stcroifl  was  administered  from  the  26th  to  tlie  40th  day.  'I'he  vertical 
lines  through  each  point  on  the  curves  indicati'  the  range  ohsc-rvecl  in  the  measurements 
of  eruption  rate  among  animals  in  each  group. 


Tabi.e  2.  Incisor  ercption  rate  (e.r.)  in  adrenai.ectomized 

RATS  TREATED  WITH  CORTISONE  AND  i)C.\ 


( !roup 

j  No.  rat 

s 

Week  1  j  : 

S’o.  rats 

Week  2 

Controls 

10 

Body  wt.  (gin.) 
E.R.  (mm.) 

284 

2.0  ± .2* 

10 

200 

2.8  ±  .2 

.\drenx** 

dl 

Body  wt.  (gm.) 
K.H.  (mm.) 

26d 

2.0  ±  .2 

16 

256 

1  ±  .d 

•Vilri'iix  +0.2,')  ing./day 

DC  A 

Body  wt.  (gm.) 
E.R.  (mm.) 

7 

287 

2.1  +  .d 

.\drenx+2.5  mg. /day 
sone  acetate 

corti- 

Body  wt.  (gm.) 
E.R.  (mm.) 

8 

267 

d.  1  +  .d 

*  Standard  deviation. 

**  .\fter  Week  1,  this  group  wa.s  redistributed  as  described  in  the  text. 


influence  on  the  tooth’s  surrounding  hone  and  connective  tissue,  hut  may  he  a  diri'ct 
one  influencing  the  eruptive  process  in  a  manner  not  yet  understood. 

Leonard  (Iaruen*  and  Roy  O.  (Ireer 

Biological  lAiboratories 

Harvard  School  of  Dental  Medicine 

Boston  15,  Massachusetts 

*  Present  address:  National  Institutes  of  Health,  Bethesda,  Md. 
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SYNTHESIS  .\N1)  PHYSIOLOGICWL  .VCTIYITY  OF  SO.ME 
NEW  .VNALOGFES  OF  THYROXINE 

.\BSTR.\CT 

Till*  lactic  a<4<l  analotiucs  of  3,5-(liio(lothyroniiH‘,  3,5,3 '-triiodothyroiiiiic  and 
thyroxine  have  heen  synthesized  and  assayed  hy  the  goiter  prevention  method  in 
rats.  In  this  test,  the  T4  and  T3  analogues  are  con.siderahly  less  active  than  either 
the  corresponding  acetic  or  projiionic  acids. 

Two  new  halogenated  thyronines  have  heen  prepared:  3,3'-dichloro-5,5'-diiodo- 
i.-thyronine  and  3,3'-dit)romo-5,5'-diiodo-i,-thyronine;  both  have  approximately 
eipial  potencies  in  the  goiter  prevention  test  of  about  g  that  i.-thyroxine. 

During  the  course  of  some  work  by  Tata  (1)  on  the  effect  of  radiation  upon  labeled 
thyroxine  and  3,5,3'-triiodothyronine  in  solution,  it  beeaine  desirable  to  synthesize 
3.5-diiodo-4-(4'-hydroxy-3'-iodophenoxy)  phenyllaetie  acid  (3,5,3'-triiodothyrolaetie 
acid,  TSLa).  The  lactic  acid  analogue  of  thyroxine  (T4La)  had  jireviously  been  synthe¬ 
sized  by  Saul  and  Trikojus  (2). 

It  was  also  thought  of  interest  to  determine  the  physiological  activities  of  thyronines 
containing  mixed  halogen  atoms,  in  which  each  ring  had  two  different  halogen  atoms. 
For  these  ti'sts,  3,3'-dichloro-5.5'-diiodothvronine  and  3,3'-dibromo-5,5'-diiodoth\ro- 
nine  were  prepared. 

KXPKRI.MKNTAL 

(1)  Sifiilhesex^ 

.i.-i-Diiodolhi/ropi/rnvic  arid  (KT2)  was  obtained  by  the  method  of  Kennedy  (3)  by  forma¬ 
tion  of  the  oxazolone  from  N-chloroaeetyl-3,5-diiodothyronine  followed  by  acid  hydrolysis. 

.3,.i-Diiodothyrolactic  acid  (T2La)  was  prepared  by  reduction  of  KT2  with  potassium 
borohydride  in  methanol  buffered  with  aipieous  bicarbonate. 

.S,5,S'-Triiodothyrolactic  acid  (T2La)  was  iodinated  in  a  mixture  of  methanol  and  ammonia 
as  for  the  preparation  of  triiodothyroaeetic  acid  (Triac)  (4). 

3,.5,3’,.5’-Telraiodothyrolactic  acid  {T4Ea)  was  prepared  from  T2La  by  the  method  used  for 
the  synthesis  of  tetraiodothyroacetic  acid  (5)  and  by  the  method  of  Saul  and  Trikojus  (1). 
Both  jiroduets  had  the  .same  m.p.  (17()“177“)  ami  a  mixed  m.p.  was  not  depressed. 

3,3'-Dichloro-.5,.5’-diiodo-i.-thyronine  was  prepared  by  aerobic  incubation  of  X-acetyl-3- 
rhloro-.5-iodo-L-tyro.sine  in  0.2M  borate  buffer  pH  7.5  at  37°  for  3  months,  followed  by  a<‘id 
hydrolysis  of  the  X-acetyl  thyronine  derivative  (see  (5).  The  product  was  crystallized  as  the 
hydrochloride. 

3,3'-Dihromo-5,.5'-diiodo-L-thyronine  was  prepared  from  X-acetyt-3-hronio-5'-iodo-L-tyro- 
sine  by  the  method  described  above.  The  compound  was  crystallized  as  the  hydrochloride. 

(2)  Physiological  tests 

.\11  compounds  were  tested  in  the  goiter  jirevention  assay  in  rats  at  two  dose  levels  (excejit 
for  T2Ei),  u.sing  i,-  or  Di.,-thyroxine  (T4)  as  the  standard  compound.  Estimations  of  potency 
were  made  by  the  parallel  line  method.  The  doses  used  were:  ul-T4,  2.5  and  5  mK-!  l-T4,  1.25 
and  2.5  Mg-!  T2La,  190  /ig-i  T3La  and  T4La,  10  and  20  /iK-J  the  mixed  halogenated  thyronines, 
10  and  20  >ig. 

Received  Oetoh(*r  28,  1959. 

*  Synthetic  methods  for  all  new  eomixHinds  will  he  described  in  detail  elsewhere. 
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HK.SULTS 

Tin*  j)ot(‘ncies  of  the  above  compounds  are  shown  in  Table  1. 

Table  I 


('ompouml 

Potency 

l)b-T4 

1 

T2ba 

<9.025 

T3La 

0.25 

T4La 

0.10 

L-T4 

3,3'-dichloro-.5,5'  -diiodo-L-thyroniiie 

1 

0.104 

3,3'-dibromo-5,.5'  -diiodo-L-thyroiiine 

0.178 

COMMENT 

The  i)hysiological  activities  of  the  lactic  acid  analogues  of  the  thyroid  hormoiu's  arc 
similar  to  those  of  the  corresponding  keto  acids  (7)  and,  in  the  thyroxine  series,  lower 
than  other  analof^ues  possessing  3-carbon  side  chains,  when  assayed  by  the  }>;oitcr  pre¬ 
vention  method. 

It  has  been  pointed  out  by  Bruice  et  nl.  (8)  that  the  potency  of  thyroxine  analogues 
in  amphibia  decreases  with  inereasinK  acidity  of  the  side  chain.  From  previously  re¬ 
ported  data  (9,  10)  and  from  the  results  pre.sented  here,  this  does  not  ai)pear  to  be  ffen- 
erally  true  in  the  goiter  jjrevention  assay  in  rats  (Table  2). 

Table  2 


Tet  raiodo  compound 

Potency 

Triiodo  coniixmnd 

Potency 

pK 

(side  chain) 

1)L-T4 

1 

1)L-T3 

5 

_ 

Tet  raiodo-acet  ic 

1 

Triiodo-acetic 

1 

4.77 

Tetraiodo-butyric 

0.14 

Triiodo-butyric 

0.14 

4.83 

Tetraiodo-propionic 

0.28-0.5 

Triiodo-proj)ionic 

0 .  .50 

4.87 

Tetraiodo-acrylic 

0.4  -0.5 

— 

4.20 

Tetraiodo-lactic 

0.10 

Triioilo-lactic 

0.25 

3.87 

Tetraiodo-pyruvic 

0.13 

Triiodo-pyriivic 

0.53 

2.. 50 

It  can  be  .seen  that  T4  and  T3  analogues  with  side  chains  of  eomi)arable  acidities  may 
have  very  different  potencies  (i.e.  the  acetic,  propionic  and  butyric  analogues);  here, 
activity  appears  to  be  inversely  related  to  the  hmgth  of  the  side  chain. 

In  the  series  of  analogues  with  3-carbon  side  chains,  propionic,  acrylic,  lactic  and 
l)yruvic,  the  most  acidic  thyroxine  derivatives,  namely  the  lactic  and  k(*to  acids,  have 
onlj-  about  5  to  \  of  the  activitx'  of  the  i)ropionic  and  acrylic  acids;  however  if  one  con¬ 
siders  the  corresj)onding  acids  derived  from  T3,  this  relationship  no  longcT  holds,  since* 
the  most  acidic  comjjound,  K'r3,  is  as  active  as  the  least  acidic,  the  propionic  acid  an¬ 
alogue. 

With  regard  to  the  potencies  of  3,3'-dichloro-5,5'-diiodothyronine  and  3,3'-dibromo- 
5,5'-diiodothyronine,  little  emerges  to  help  in  the  formulation  of  any  rule  that  might 
lead  to  the  prediction  of  biological  potency.  The  similarit}-  in  their  activities  is  perhaps 
somewhat  surprising  in  view  of  the  known  decrease  in  activitx'  when  chlorine  is  sub¬ 
stituted  for  bromine  in  the  thyronine  molecule  (11).  P'urther,  it  is  not  obvious  why  the 
jMitency  of  3,3'-dibromo-o,.5'-diiodothyronine  should  be  2^  times  that  of  3: 5-diiodo-3'-5'- 
dif)romothyronine  while  the  potency  of  3,3'-dichloro-.5,5'-diiodothyronine  is  only  \  that 
of  3,o-diiodo-3'-5'-dichlorothyronine. 
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It  would  appear  that  in  the  niainmal.  tlie  thyromimetie  activity  of  eomi)ouiids  struc¬ 
turally  related  to  the  thyroid  hormones  is  a  comj)le.\  function,  dependent  not  onl}-  on  the 
nature  of  the  comjiound  itself,  but  also  on  its  availability  to  its  target  organ  and  perhaps 
to  its  rate  of  degradation  which  might  lead  to  the  rapid  destruction  of  the  active  site  in 
the  molecule. 

Ros.\lini)  Pitt-Rivkks 

Xalional  Institute  for  Medical  Research 
Mill  flill,  London,  England 
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THE  EFFEC  TS  OF  ADRENAL  CORTICOIDS  UPON  THE  FRINARY 
EXCRETION  OF  A.M.MONIA  IN  THE  ADRENALEC'- 
TO.MIZED,  ACIDOTIC  RAT*-^ 

ABSTRACT 

The  twenty-four  hour  urinary  e.\cretion  of  ammonia  was  determined  in  a  series 
of  male,  adrenalectomized  rats  following  the  production  of  acidosis  with  ammonium 
chloride,  and  after  the  administration  of  various  adrenal  cortical  steroids,  .\mmonia 
excretion  in  the  steroid-treated,  acidotic  rats  was  compared  with  ammonia  excre¬ 
tion  in  acidotic,  intact  and  adrenalectomized  controls  receiving  no  steroid.  Concur¬ 
rent  urinary  excretion  of  sodium  ami  potassium  were  also  measured. 

.\11  of  the  steroids  used  in  this  study  caused  increases  in  urinary  ammonia  <‘xcre- 
tioii. 

The  adnuialectomized  rat  excretes  less  ammonia  in  the  urine  when  subjected  to  aeid 
loading  than  does  the  intact  rat  under  otherwise  identical  laboratory  conditions  (1,  2). 
This  deficiency  in  urinary  ammonia  excretion  can  be  correeted  by  the  administration 
of  desox3  corticosterone  acetate  or  whole  adrenal  cortex  extract  (2). 
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April,  imo 


XOTKS  AXl)  COMMEXTS 


'I'Ik'  present  study  was  luulertakon  in  an  attemjjt  to  determine  tin*  effeets  of  other 
a<lrenal  eortieoids  upon  urinary  exeretion  in  the  adrenaleetomized,  aeidotie  rat. 


MKTMODS 

Holtzman  male  rats  weif(hin);  :t25-lt5()  grams  \v(‘r(^  used.  .\11  hut  two  groups  of  <‘ight  rats 
each  were  bilaterally  adrenaleetomized.  .Ml  animals  were  maintained  on  Hoekland  rat  diet 
and  taj)  water  ad  libitum,  .\drenaleetomized  rats  reeeived  tap  water  containing  1%  XaCl. 
Three  days  were  allowed  for  recovery  before  treatment  was  started.  Heginnitig  on  the  fourth 
day,  all  rats  in  the  groups  receiving  ammonium  chloride  were  injected  subcutaneously  twice 
<laily  with  a  10-12  hour  interval  between  injections.  Each  dose  consisted  of  1.25  mecp  XlEC'l 
in  0.5  ml.  H2O,  or  a  total  of  2.5  meq.  XIEC'l  per  day.  Rats  in  the  steroid-treat*“d  groups  were 
given  a  second  injection  subcutaneously,  at  a  different  body  site,  of  steroid  dissolved  or 
susp(‘nd(‘d  in  corn  oil.  Steroids  were  also  injected  twice  daily  with  half  of  the  dosage  given  at 
each  injection  time.  Each  steroid  injection  was  given  in  a  volume  of  0.25  ml. 

On  the  third  day  of  treatment  the  rats  were  injected  with  XII4CI  and/or  steroid  and 
j)laced  in  individual  metabolism  cages.  While  in  the  metabolism  cages,  the  rats  received  no 
food  and  were  given  distilled  water  for  drinking.  From  ten  to  twelve  hours  thereafter,  the 
rats  were  removed,  given  their  second  injections,  and  returned  to  tlndr  cages.  Trine  was  col¬ 
lected  for  24  hours  under  toluene.  Three  da.vs  of  treatment,  with  urine  collection  during  the 
third  <lay,  was  considered  to  be  a  sufficient  time  interval  for  the  stabilization  of  urinary  pat¬ 
terns  to  occur  in  res])onse  to  the  given  degree  of  acid  loading.  Following  the  collection  period, 
the  fiintiels  of  the  cages  and  the  cage  bottoms  were  rinsed  with  distilled  water  and  the  rins¬ 
ings  were  added  to  their  resj)ective  urine  specimens.  .Micpiots  of  each  specimen  were  then 
analyzed  for  ammonia,  sodium,  and  potassium  content,  .\mmonia  was  (hdermined  colorimet- 
rically  by  Ne.sslerization  following  its  separation  from  urine  by  the  Permutit  resin  method 
employing  a  modification  (3)  of  the  method  originally  rejjorted  by  Folin  and  Bell  (4).  Sodium 
and  potassium  were  determined  by  flame  photometry. 

Following  the  urine  collection  period,  all  adrenaleetomized  rats  were  autopsied  in  order 
to  verify  the  completeness  of  adrenalectomy. 


KK.SULTS  .\NI)  DISt'USSIO.V 

.Vs  shown  in  'I'abh'  1,  adrenalectomy  alone  did  not  cause  any  change  in  urinary 
ammonia  (‘xeretion  when  compared  with  tlie  exeretion  of  ammonia  in  tin*  normal  intact 
rat.  The  increase  in  urinary  .sodium  and  the  decrease  in  urinary  potassium  are  consist¬ 
ent  with  the  characteristic  changes  in  excretion  of  these  cations  observed  following 
adrenalectomy.  Induction  of  acidosis  (Table  2),  howev(*r,  residted  in  a  significant  dif¬ 
ference  between  urinary  ammonia  levels  in  intact  animals  and  adn'iialectomized  ani¬ 
mals.  Table  2  lists  tin*  data  obtained  when  urinary  levels  of  ammonia,  srxlium,  and  po¬ 
tassium  were  det(‘rmined  in  steroid-tnaitt'd  rats  which  hail  also  been  given  ammonium 
chloride.  .Ml  of  the  steroids  which  were  emidoyed  caused  increased  urinary  ammonia 
output  when  compared  with  adrenaleetomized  control  animals.  Several  of  the  eortieoids 
increased  urinary  ammonia  to  levels  higher  than  that  found  in  the  intact  control  ani¬ 
mals.  Hydrocortisone  was  given  at  two  different  dosages  and  thi'  ri'sults  obtained  sug¬ 
gest  the  possibility  that  a  do.se-respons(>  relationshij)  may  exist.  The  diffi'rimce  in  uri¬ 
nary  ammonia  observed  between  the  two  hydrocortisoni'-treated  groups  is  statistically 
significant  at  the  5%  level  by  “t”  test  analysis  (5).  .Vldosterone  was  effective  as  a  stim¬ 
ulator  of  urinary  ammonia  output  and  would  seem  to  be  a  very  potent  agent  in  this 
res])(‘ct,  sinc  e  the  response  observed  was  obtaini'd  with  a  racemic  mixture,  and  at  a 
dosage  which  was  only  1  80  by  weight  of  that  ernployi'd  with  most  of  the  other  steroids 
(1  mg.  day). 

Xo  clear  cut  correlation  between  urinary  levels  of  sodium  and  ammonia  out]>ut  was 
observed.  High  ammonia  did  not  necessarily  occur  with  low  sodium  and  vice-versa.  ’Fhe 
data  perhaps  offer  .some  suggestion  that  urinary  ammonia  and  potassium  vary  in  the 
same  direction.  High  urinary  potassium  .seems  to  occur,  more  often  than  not,  when 
high  urinary  ammonia  is  present.  This  can  be  seen  in  the  groups  which  reciuved  hydro¬ 
cortisone  (2  mg.),  aldosterone,  and  cortisone.  The  rats  which  received  hydrocortisone 
(I  mg.)  and  9-a-fluorohydrocortisone  have  mean  values  for  urinary  potassium  which 
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Table  1.  Effect  of  adrenalectomy  and  hydrocortisone  cpon  crinary  excretion 

OF  AMMONIA,  SODICM  AND  FOTASSICM 

mc(j./24  hrs.  (mean  ± standard  deviation) 


( Iroup 

No.  of 
rats 

XH,,-X 

Xa 

K 

Intact 

8 

().58±().i:i 

0.87  +0.20 

1  .55+0.24 

.Xdnuix 

8 

().,57  +0.12 

2.77  +0.40*** 

1  .o:i±o.24*** 

.\drenx  Hydrocortisone 

7 

0.81  ±0.14** 

2.:i5  +  o.:j:i** 

1  .65+0.20*** 

<0.01. 
***  <0.001. 


Table  2.  Effei'ts  of  adrenal  corticoids  ci’on  crinary  ammonia,  sodic.m  and 
I’OTASSICM  in  rats  treated  for  three  days  with  AMMONICM 
CHLORIDE  (2.5  MEQ/DAY) 
me(j/24  hrs.  (mean  ± standard  deviation) 


Group 

Steroid 

Dase  ' 
Day 

No. 

of 

Hats 

NH^N 

In' 

.Ad» 

Na 

In 

.\d 

K 

In 

.Ad 

Intact 

None 

- 

8 

1.41+0.22 

0.91 10.14 

1.5310.16 

.\dn*nox 

None 

— 

8 

1.15  +  0.17 

* 

1.7710.35 

1.3410.18 

.\drenex 

noc'A 

1  niK. 

8 

1..57±0.28 

— 

0.5710.22 

1.0110.13 

** 

.\drenex 

Hydrocortisone 

1  in(t. 

8 

1.9110.16 

*** 

2.1.110.43 

*** 

— 

1.. 52 10. 30 

— 

— 

.Adrencx 

Hydrocortisone 

2  IIIR. 

8 

2.. 1010.. 18 

*** 

2.(K)10.35 

*** 

- 

1.8210.20 

** 

*** 

-\drcnex 

C 'ort  icost<»rone 

1  niR. 

8 

1.5410.29 

- 

** 

2.0010.34 

*** 

— 

1.4510.20 

- 

- 

.Adrcncx 

d.  1  aldosterone- 
21 -monoacetate 

12.5  mK. 

8 

1.7910.19 

** 

*** 

1.. 18 10. 59 

** 

1.6310.19 

— 

.^drcncx 

Cortisone 

1  ine. 

8 

1.9.510.28 

*** 

*** 

2. .1810. 66 

*** 

* 

1.7410.18 

* 

.\drencx 

9a  Fhioro  hy- 
dro<*ortisone 

ion  Mg. 

8 

2.2610.26 

*** 

*** 

1.4110.37 

— 

1.4610.32 

— 

— 

*  In — SiCTificance  wlH»n  compared  to  Intact  Controls. 

*  .\d  -SiRnificance  when  comparc^d  to  .\drenex  Controls. 

*  p  <0.05,  **  p  <0.01,  ***  p  <0.(K)1,  —  not  siRnihcant. 


ari'  greater  than  the  eorrespondiiiR  value  for  the  adrenaleetoniized  controls,  hut  the  dif- 
ferenees  are  not  statistically  significant,  possibly  due  to  greater  variation  within  these 
particular  groups  as  evidenced  by  larger  standard  deviations. 

Table  1  presents  the  results  obtained  when  non-aeidotie,  adrenaleetoinized  rats  wi're 
given  hydrocortisone  for  three  days  and  urinary  ammonia,  sodium,  and  potassium  were 
determined  on  the  third  day  of  treatment.  These  data  show  that  hydrocortisone  can 
increase  urinary  ammonia  even  in  the  absence  of  acidosis. 

The  results  obtained  in  this  study  indicate  that  the  defieiimey  in  urinary  ammonia 
output  which  occurs  in  the  adnmaleetomized  rat  when  it  is  subjected  to  acid  loading 
can  apparently  be  corrected  by  adrenal  corticoids  which  have  either  “glueoeortieoid" 
or  “mineraloeortieoid”  properties  as  their  predominant  biological  activity.  However 
since  pharmaeologie  doses  of  steroids  were  used  in  order  to  accentuate  effects,  it  is  pos¬ 
sible  that  the  effects  observial  are  not  due  to  the  jiredominant  activity  of  the  steroids, 
but  to  activity  which  is  seen  only  when  relatively  large  amounts  of  eortieoid  are  given 
Since  aldosterone  stimulated  urinary  ammonia  outjiut  to  a  degree  similar  to  that  seei 
with  the  other  stcoids  when  it  was  given  at  a  dosage  which  was  1  160  (active  isome 
weight  basi.s)  of  that  with  other  corticoids,  it  would  seem  that  this  steroid  is  jirobabl 
more  important  than  others  of  the  adrenal  cortex  in  the  physiological  maintenance  o 
the  renal  ammonia  mechanism. 


April,  tlXiO 
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(X)RRE(T1()X 


In  the  article  by  A.  C.  .1.  Bergers  and  Choh  Hao  Li,  entitled  ‘‘Amphib¬ 
ian  Ovulation  in  vitro  Induced  by  Mammalian  Pituitary  Hormones  and 
Progesterone”  which  appeared  in  the  February  1900  issue  of  Kxdocri- 
XOLOGV,  the  name  of  the  senior  author  should  read  A.  C.  .1.  Burgers. 


ERRATUM 


.1.  H.  U.  Brown  et  al.  in  the  article  ‘‘Studies  on  the  Intracellular  Locali¬ 
zation  of  Anterior  Pituitary  Hormones,”  in  Exdcx  rixology  66:  1,  1900 
inadvertently  included  elect ronmicrographs  which  were  actually  in  part 
previously  published  pictures  of  beef  pituitary  {Amcr.  J.  Physiol.  188: 
25,  1957).  The  authors  wish  to  apologize  for  their  obvious  error  and  pro¬ 
vide  correct  micrographs  of  pig  pituitary  glands. 


Figs.  1-4.  Klectronmicrographs  of  jiig  pituitary  proparod  by  Dr.  Duaiio  Holt,  Do- 
|)artrm*nt  of  Anatomy.  Fig.  1.  Soction  of  a  pellet  of  seeretory  granules.  P5g.  2.  Mito- 
ehondria  from  pig  pituitary.  Fig.  .3.  Seetion  taken  from  a  pellet  of  the  mierosomal  frac¬ 
tion.  Fig.  4.  Low  power  view  of  mitochondrial  pellet  showing  the  degri'c  of  contamination 
with  other  fractions. 
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19()0  Annual  Meeting 

The  Forty-Second  Annual  Meeting  of  The  Endocrine  Society  will  he 
held  in  the  Eden  Hoc  Hotel,  Miami  Beach,  Florida,  Thursday,  Friday,  and 
Saturday,  June  9,  10,  11,  1960. 

The  Chairman  of  Local  Arrangements  is  Dr.  Kenneth  Savard. 

Scientific  Sessions  will  he  held  from  9:00  a.m.  to  5:00  p.m.  daily  and  in 
addition  there  will  he  simultaneous  afternoon  .sessions.  The  annual  dinner 
is  .scheduled  for  Friday,  June  10  at  7:80  p.m.  preceded  hy  cocktails  at 
6:80  P.M. 

All  memhers  are  urged  to  make  their  hotel  reservations  immediately. 
The  Eden  Hoc  will  hold  2.^0  hedrooms  and  the  adjoining  hotels,  the  Mont¬ 
martre  Hotel  and  Lucerne  Hotel  will  hold  75  rooms  each,  for  memhers 
until  May  1,  19()0,  after  which  time  the  hotel  will  not  guarantee  further 
reservations.  Therefore  it  is  imperative  that  you  make  your  re.servations 
now  directly  with  the  hotel,  advising  them  of  time  and  date  of  arrival  and 
departure.  If  you  plan  on  remaining  through  June  12th  for  the  American 
Medical  Association  and  other  meetings,  it  is  imperative  that  your  re.ser- 
vation  he  made  from  June  12th  on,  directly  through  the  A.M. A.  Housing 
Bureau,  c  o  Miami  Beach  Convention  Bureau,  1700  Washington  Avenue, 
Miami  Beach,  Florida,  since  no  re.servation  heyond  this  date  can  he  ac¬ 
cepted  directly  hy  the  hotels.  Make  your  reservations  now  and  avoid 
di.sappointment.  Hotel  reservation  card  will  he  mailed  to  memhers  shortly 
after  January  1,  1960. 

Final  program,  memhership  card  and  advance  registration  forms  will 
he  sent  on  May  Ist  1960  to  memliers  whose  current  dues  have  been  paid. 


1960  AWAHDS 

The  .selection  of  the  recipients  of  the  awards  of  The  Endocrine  Society  is 
made  hy  a  Committee  appointed  hy  the  Council  of  the  Society.  The.se 
awards  and  fellowships  carry  no  obligation  hy  the  recipient  to  the  Society 
or  to  the  donors. 
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Fred  Conrad  Koch  Award 

During  tlie  pa.st  year  a  substantial  legacy  has  been  becjueathed  the  So¬ 
ciety  by  the  late  Elizabeth  Koch  for  the  purpose  of  establishing  the  Fred 
Conrad  Koch  Memorial  Fund  in  memory  of  her  late  husband,  distin¬ 
guished  service  professor  of  physiological  chemistry  at  the  University  of 
Chicago  and  pioneer  in  the  isolation  of  the  androgens.  This  is  to  be  the 
highest  honor  of  the  Endocrine  Society  and  is  to  be  represented  by  a  medal 
that  is  to  be  known  as  the  Koch  Medal  of  The  Endocrine  Society.  The 
medal  and  honorarium  of  S3,o00  is  to  be  given  annually  to  an  individual 
for  work  of  special  distinction  in  endocrinology. 

The  recipient  shall  be  chosen  from  nominations  presented  by  members 
of  the  Society  and  is  limited  to  citizens  of  the  United  States  and  Canada. 
This  award  will  replace  the  Medal  of  the  Ihidocrine  Society  which  was  es¬ 
tablished  in  1954  and  presented  to  Dr.  Carl  Moore  in  19oo,  Dr.  Frederick 
E.  Ilisaw  in  19o(),  Dr.  Joseph  C.  Aub  in  1957,  Dr.  I.L.  Chaikoff  in  1958  and 
Dr.  Wilbur  W.  Swingle  in  1959.  The  Endocrine  Medal  replaced  the  E.  R. 
S(|uibb  Award  which  was  formerly  the  highest  honor  bestowed  by  the  So¬ 
ciety.  Past  recipients  of  the  S(}uibb  Award  were  Dr.  Ceorge  W.  Corner  in 
1940,  Dr.  Philip  E.  Smith  in  1941,  Dr.  Fred  C.  Koch,  1942,  no  award  was 
given  in  1948,  Dr.  E.  A.  Doisy  in  1944,  Dr.  E.  C.  Kendall  in  1945,  Dr. 
Carl  O.  Hartman  in  1940,  Drs.  Carl  F.  and  (lerty  T.  Cori  in  1947,  Dr. 
Fuller  Albright  in  1948,  Dr.  Herbert  Evans  in  1949,  Dr.  C.  X.  H.  Long  in 
1950,  Dr.  J.  B.  Collip  in  1951,  Dr.  James  H.  Means  in  1952  and  Dr.  David 
Marine  in  1953. 

The  Ciba  Award 

The  Ciba  Award,  to  recognize  the  meritorious  accomplishments  of  an  in¬ 
vestigator  who  has  not  attained  his  30th  birthday  by  June  1st  of  the  year 
the  award  is  presented,  in  the  field  of  clinical  or  preclinical  endocrin¬ 
ology,  was  established  in  1942,  but  no  recipient  was  .selected  in  1942 
or  1943.  In  1944  the  Award  was  presented  to  Dr.  E.  B.  Astwood,  1945 
Dr.  Jane  A.  Ru.s.sell,  1940  Dr.  Martin  M.  Hoffman,  1947  Dr.  Choh  Hao 
Li,  1948  Dr.  Carl  Heller,  1949  Dr.  (leorge  Sayers,  1950  Dr.  Oscar  M. 
Hechter,  1951  Dr.  Albert  Segaloff,  1952  Dr.  Seymour  Lieberman,  1953 
Dr.  Sidney  Roberts  and  Dr.  Clara  Szego  (Mrs.  Roberts),  1954  Dr.  Isadore 
M.  Rosenberg,  1955  Dr.  Jack  Clro.ss,  1950  Dr.  Alfred  M.  Bongiovanni, 
1957  Dr.  X’icholas  S.  Halmi,  1958  Dr.  Monte  Arnold  (ireer,  and  1959  Dr. 
Cordon  L.  Farrell.  Prior  to  1952  the  Award  was  .?1,200.  It  has  now  been 
increased  to  S2,500. 

The  Ayerst  and  the  Squibb  Fellowships 

The  Ayerst  Fellowship  was  established  in  1947  and  the  Squibb  Fellow¬ 
ship  in  1950.  They  are  designed  to  assist  men  or  women  of  exceptional 
promise  in  furthering  their  advancement  towards  a  career  in  endocrinology. 
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Each  Fellowship  is  awarded  on  alternate  years  and  the  stipend,  which  will 
not  exceed  So, 000  may  be  divided  into  two  Fellowships  in  varying  amounts 
in  accordance  with  the  qualifications  of  the  appointees.  Individuals  pos¬ 
sessing  the  M.D.  or  Ph.D.  degree,  or  candidates  for  either  of  these  degrees, 
are  eligible  for  appointment. 

Applicants  must  submit  the  following  information; 

1.  Evidence  of  scientific  ability  as  attested  by  studies  completed  or  in 
progress. 

2.  Recommendations  from  individuals  familiar  with  the  candidate  and 
his  work. 

3.  A  proposed  program  of  study. 

4.  Acceptance  of  the  individual  by  the  head  of  the  department  in  which 
the  Fellowship  will  be  held. 

o.  A  statement  that  he  or  she  will  serve  full  time  if  awarded  a  Fellow¬ 
ship.  A  small  amount  of  time  (10  to  15  per  cent)  may  be  .spent  in 
course  work  or  participation  in  teaching,  the  latter  purely  on  a  volun¬ 
tary  basis. 

The  Scherixg  and  the  Upjohn  Scholars  of 
The  Endocrine  Society 

The  Council  of  The  Endocrine  Society  has  established  a  category  of 
Scholars.  These  grants  have  been  made  available  through  the  generosity  of 
the  Schering  Corporation  and  the  Upjohn  Company,  and  will  be  awarded 
to  established  investigators  and  teachers  in  the  field  of  endocrinology  who 
wish  to  extend  their  opportunities  for  work  either  in  this  country  or 
abroad. 

The  awards  will  not  exceed  .S2,500  annually  for  each  individual  and  will 
lie  granted  on  the  ba.sis  of  proposals  submitted  by  the  applicant.  Such  ap¬ 
plications  should  include  estimated  financial  needs.  The  funds  may  be  used 
for  travel,  maintenance  and  other  expenses. 

Nominations 

Nominations  for  the  Fred  Conrad  Koch  Award;  the  Ciba  Award;  and 
the  Ayerst  and  the  Squibb  Fellowships  may  be  made  by  any  member  of 
The  Endocrine  Society.  They  should  be  submitted  on  forms  which  may  be 
obtained  from  the  Office  of  the  Secretary,  1200  North  Walker  Street,  Okla¬ 
homa  City  3,  Oklahoma.  Completed  nominations  should  be  returned  to  the 
Secretary  not  later  than  October  15,  1959. 

Proposals  for  appointments  as  Scholars  of  The  Endocrine  Society  should 
be  made  in  writing  by  the  individual,  and  addressed  to  the  secretary  of 
the  Society.  They  should  be  submitted  by  October  15,  1959. 

The  Awards  Committee  will  meet  in  October  and  notice  of  awards  to  suc¬ 
cessful  nominees  and  applicants  will  be  made  not  later  than  December  1st. 
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ENDOC'RINE  SOCIETY  PROGRAM* 

JUNE  9  11,  1960 

THURSDAY,  JUNE  9,  1960 
8:00  A.M. — Registration — Lobby — Eden  Rot*  Hotel 

I.  9:00  A.M.— ADRENAL 

('afe  Pompeii 

Chairman:  Dwight  J.  Ingle 

1.  Ox  THK  Mechanism  by  which  Potassium  Increases  Secretion  ok  Aldosterone. 
Donald  S.  Gann  (by  invitation),  Juan  /•'.  Cruz  (by  invitation),  Alfred  G.  T.  Canper 

(by  invitation)  and  Frederic  C.  Bartter. 

2.  Increased  .Vldosterone  Secretion  Following  Decapitation  and  SuBSEguENT 

Bleeding  of  Hypophysectomized  Dogs. 

James  O.  Davis,  Charles  C.  J.  Carpenter  (by  invitation),  Carlos  R.  Agers  (liy  invita¬ 
tion)  and  Robert  C.  Hahn. 

3.  .Vldosterone  Secretion  .Measured  During  .Vdrenal  Vein  Canulation  in 

Humans. 

Walter  II.  Moran,  Jr.  and  Bernard  Zimmermann. 

4.  Stimul.ation  by  .Vldosterone  of  .Vctive  Sodiu.m  Transport  .Vcross  a  Living 

.Membrane. 

Jean  Crahhe. 

b.  The  Inotropic  .Vction  of  (I.I-.Vldosterone  on  Isolated  Mammalian  Cardiac 
Preparations. 

Ralph  1).  Tanz  (Introduet'd  by  Ceorge  Sayers). 

♦i.  Defects  of  Mineralocorticoids  on  Xa*“  Cptake  by  Hone. 

David  II.  R.  Streeten,  David  R.  Rovner  (by  invitation).  Carlos  Steven,<ton  (by  invita¬ 
tion)  and  Jerome  II'.  Conn. 


INTERMISSION 

7.  Defects  of  Chronic  Hepatic  Venous  Congestion  on  the  Disappearance  of 
Triti.yted  .Vldosterone  from  Plasma. 

Carlos  R.  .\gers  (by  invitation),  James  ().  Davis,  Feral  lAehrrman  (by  invitation)  and 
Charles  C.  J .  Carpenter  (by  invitation). 

H.  21-Deoxystkroid  Metabolites  in  .Vdrenocortical  Dysfunction. 

R.  I.  Cox  (Introduced  by  T.  F.  (lallagher). 

9.  Studies  of  .Vdre.nocortical  Function  of  Hirsute  Wome.n. 

.\rnold  .M.  .Moses,  Edward  L.  Klaiher  (by  invitation),  Julia  Lohotsky  (by  invitation). 
Ro.ss  1).  Jacobs  and  Charles  IF.  Lloyd. 

10.  Studies  of  .Vdrenal  Nucleic  .Vcids. 

E.  I).  Bransome,  Jr.  (by  invitation)  and  IF. ./.  Reddy. 

11.  Some  Mechanisms  of  Steroid  Hormone  .Vction. 

Gordon  M.  Tomkins  (Invited  paper,  20  minutes). 


*  Program  Committee:  D.  B.  .Vstwood,  .lolin  L.  Bakke,  William  H.  Daugliaday, 
T.  S.  Danowski,  Peter  H.  Forsham.  Gilbert  S.  Gordan,  Roy  Hertz,  Sidney  H.  Ingbar, 
Dwight  J.  Ingle.  Charles  W.  Lloyd,  Warren  G.  Nelson,  C.  Vlvin  Paulsen.  George  Sayers, 
and  Robert  H.  Williams,  Chairman. 
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II.  2:00  P.M.— ADRENAL 

Cafe  Pompeii 

Chairman:  Peter  II.  Forsham 

12.  Thk  Effkct.s  of  I.\tuac.\kotii)  I.nfusion.s  of  Cortisol  on  Imrairki)  Watkr  1)i- 

URKSIS  OF  THE  AdRENALECTOMIZEI)  DoG. 

Charles  R.  Kleeman,  Ralph  E.  Cutler  (liy  invitation)  and  Morton  //.  Maxwell  (by 
invitation). 

13.  M.aturation  of  .Vdrenal  Cortical  and  Medullary  Functio.n  in  the  Dog. 
li.  T.  Jackson  (by  invitation),  J.  C.  .Melbij,  I).  M.  Hume  and  R.  //.  Egdahl. 

14.  The  Significance  of  the  C'oncentration  of  Xonprotein-Hound  Plasma 

Cortisol  Concentration  in  Xormal  Subjects,  Cushi.ng’s  Syndrome,  Preg¬ 
nancy,  AND  During  Estrogen  Therapy. 

Richard  P.  Doe,  Horace  //.  Zinnentan  (by  invitation)  and  Edmund  li.  Elink. 

1.5.  .Vdre.nal  Secretion  of  17  a-IlYDRoxYPROGESTERONE  i.n  Xormal  Dogs. 

lialwant  I),  .\gashe  (by  invitation),  Robert  G.  Weaver  (by  invitation)  and  Kristen  li. 
Eik-.\es. 

1().  Steroid  Studies  During  and  .Vfter  Prolonged  Therapy  with  Zn-.\CTH. 

Eleanor  Z.  Wallace,  Linda  Leilop  (by  invitation),  .\nne  C.  Carter  and  Harold  .1. 
Lyons  (by  invitation). 

17.  Structure-Function  Relationships  of  Steroids:  Dissociation  of  ('lassical 

“(Ilucocorticoid”  Properties  by  Structural  Modification  at  Carbon-21. 
John  ir.  Kendall,  Jr.  (by  invitation)  and  Grant  IF.  Liddle. 

INTERMISSION 

18.  Corticosteroids  and  .Vccumulation  of  Substrate  by  Isolated  Rat  Diaphrag.m: 

Possible  .Mechanism  of  .\nti-Inflammatory  .\ction. 

Ira  G.  IFoo/. 

19.  The  in  vitro  Reduction  of  11  H-Hydro.xy  and  1  1-Keto.steroids  by  Liver 

Y^-Hydrogenases. 

Enrico  Forchielli  (by  invitation),  Keith  Brown-Grant  (by  invitation)  and  Ralph  I. 
Dorfman. 

20.  Experi.mental  Im.munologic  .Vdrenal  Injury. 

Jan  Steiner  (by  invitation),  Douglas  L.  Schatz  (by  invitation),  Bernard  Langcr 
(by  invitation)  and  Robert  Volpe. 

21.  Effect  of  Hypercapnea  on  Plasma  Epinephrine  and  Xorepinephrine  Con- 

CENTR.ATION. 

J .  C.  Rosenberg  (by  invitation),  B.  Goott  (by  invitation),  R.  C.  Lillehei  (by  invita¬ 
tion),  F.  .Miller  (by  invitation)  and  Bernard  Zimmer mann. 

22.  Inhibition  of  Pituitary  .VC’TH  Secretion  as  the  .Major  (Ilucocorticoid 

Effect  of  a  Synthetic  Steroid. 

Donald  .1.  Holub,  Fred  H.  Katz  (by  invitation)  and  Joseph  IF.  Jailer. 

23.  H0R.M0NAL  Influence  on  RX.V  Synthesis  in  the  Liver. 

K.  E.  Paschkis,  .1.  Cantarow  and  T.  //.  Williams  (by  invitation). 

III.  2:00  P.M.— PITUITARY 

Mona  Li.sa  Room 

Chairman:  George  Sayers  and  William  //.  Daughaday 

24.  Further  Purific.ation  Studies  on  Corticotropin  Releasing  Factor  (CRF), 
.\ndrew  F.  Schally,  R.  .V.  .\ndersen  (by  invitation),  Harry  S.  Lipscomb,  John  .M . 

Long  (by  invitation)  and  Roger  Guillemin. 
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25.  .\.PP.\RKN’T  DisSOCI.\TION  RkTWKEN  .\1)REN.\L  .\ND  ExTR.\-A|)RKN.‘VL  .Vctions  of 
Corticotropin  Chemic.\lly  .Vltered  by  Perioi).\te-Rorohyi)rii)e  Tre.ytment. 
II.  .\ngus  Boright  (by  invitation),  Frank  I..  Engel.  Jack  L.  Ko.'stijo  and  J.  Earle 
White,  Jr. 

20.  MoniFic.\TiON  of  Pituit.\ry-.\i)RENal  Respon.se  to  Sr-4885  by  Psychotropic 
Drugs. 

Ernest  .M.  Gold  (by  invitation),  John  R.  Kent  (by  invitation)  and  Peter  11.  Forsham. 

27.  Studies  on  .Vdren.al  Cortic.\l  .\.\d  .Interior  Pituit.ary  Respo.nsiveness. 
T.  .Albert  Farmer,  Jr.  (by  invitation),  J.  IP.  Herod.  Jr.,  (by  invitation),  James  .1. 

Pittman,  Jr.  and  S.  Richardson  Hill,  Jr. 

28.  The  Esti.\i.\tion  of  .\CTH  in  Human  Plasma. 

r.  K.  Vance  (bj*  invitation),  IP.  J .  Reddy,  I).  //.  .\elson  and  G.  IP.  Thorn. 

29.  Disturbances  of  the  Servo-Mechanism  Regulating  .Adrenal  Steroidogenesis 

IN  Patients  with  Cerebral  Disease. 

Jack  //.  Oppenheimer  (by  invitation),  Leonard  P.  Fisher  (by  invitation)  and  Joseph 
IP.  Jailer. 

INTERMISSION 

:i().  Estim.ates  of  the  Secretio.n  Rate  of  Thyrotropin  in  the  Nor.mal  and  Hypo¬ 
thyroid  Rat  and  Man. 

J .  L.  Bakke  and  .V.  Lawrence  (by  invitation). 

31.  Kxtrathyroidal  .Vctions  of  Pituitary  Thyrotropin  in  vitro:  Kffects  upon  R.at 

.Vdipose  Tissue. 

.\orbert  Freinkel 

32.  Kffect  of  Dietary  Protein  Deprivation  on  Pituitary  Tropic  Hormones  in 

Normal  and  .Vcromegalic  Subjects. 

R.  Palmer  Howard  and  Robert  //.  Furman. 

33.  Neuroendocrinological  Syndrome  of  Galactorrhea,  Papilledema  and  In¬ 

creased  Intracranial  Pressure. 

Joseph  F.  Dingman,  Eduardo  Gaitan  (by  invitation),  .\kira  .irimura,  .Max  C.  Staub 
(by  invitation)  and  Ruth  Pater.son  (by  invitation). 

34.  Glass  Paper  Chromatographic  Method  for  Vasopressin  and  Oxytocin  in 

IIUMA.N  PLAS.MA. 

.\kira  .{rimura  and  Joseph  F.  Dingman. 

35.  .Vn  .Vntidiuretic  Kffect  of  C'hlorothiazide  in  P.\tients  with  Diabetes  In¬ 

sipidus. 

Richard  M .  Portwood,  Walter  C.  Lusk,  E.  C.  Buckley  (Introduced  by  Frank  L.  Engel). 

IV.  7:30— TESTIMONIAL  DINNER  FOR  ROY  HOSKINS 

Imperial  Room 

FRIDAY,  JUNE  10,  1960 
8:30  A.M. — Registration — Lobby 

V.  9:00  A.M.— REPRODUCTION.  CALCIUM  METABOLISM. 

Cafe  Pompeii 

Chairmen:  Roy  Hertz  and  Gilbert  S.  Gordan 

30.  I'ltrastructure  of  the  Placenta. 

Edward  IP.  Dempsey  (Invited  paper,  20  minutes). 

37.  (5-R-Hydroxy-Cortisol:  .Vbnormally  High  Levels  i.n  Human  Trine  in  Preg¬ 
nancy  AND  Toxemia. 

Fred  //.  Katz  (by  invitation),  Andrew  G.  Frantz  (by  invitation)  and  Joseph  IP.  Jailer. 
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Progkstkkonk  Lkvkls  in  thk  Rabkit  Ovarian  Vkin  Blood  Throughout 
Prkgnancy. 

Girgis  Mikhail  (by  invitation),  Mattheir  IP.  \oall  (liy  invitation)  an<l  Willard  M. 
Allen. 

39.  Thk  Naturk  of  rruRiNK  Phknol-.Vctivatkd  DPXH  Oxidask. 

Vincent  P.  Hollander  and  Jean  R.  Heard  (by  invitation). 

40.  Inhibition  of  Glucuronosyl  Transferask  by  Hteroid  Hormones. 

Robert  M.  Doieben  and  David  Y.  Ilsia  (bj-  invitation). 

'  INTERMISSION 

41.  The  Use  of  Xorethynodrel  in  Fertility  Control. 

Edward  T.  Tyler. 

42.  Xew  Criteria  of  “Target”  Tissues  for  Steroid  Estrogens. 

Elwood  F.  Jensen. 

43.  Inhibitory  Effects  of  Hypercalcemia  on  Secretion  of  Parathyroid  Hormone. 

Laurence  //.  Kyle,  John  J.  Canary,  Daniel  II.  .Mintz  (by  invitation)  and  .\ntonio  C. 

dc  /won  (by  invitation). 

44.  Hypercali'iuria  .\ssociated  with  “Steroid  Withdrawal”  in  (’ushing’s  Syn¬ 

drome. 

Samuel  //.  Hassett  and  Stewart  G.  Tuttle  (by  invitation). 

45.  Cnifying  Concepts  of  Parathyroid  Hormone  .\ction 

.1.  Raymond  Tcrepka,  Charles  Dowse  and  William  E.  Xeuman  (Invitpd  paiicr,  20 
ininutos) 

1:30  P.M.— ANNUAL  BUSINESS  MEETING 

Cafe  Pompeii 

VI.  2  :30  P.M.— PITUITARY.  TESTES. 

Cafe  Pompeii 

Chairmen:  Charles  IP.  Lloyd  and  Warren  O.  XeLson 

40.  Effects  of  Hu.man  Growth  Hormone  and  Its  Subfractions  on  Sodium  Re¬ 
tention. 

Edward  G.  Higlieri  (by  invitation),  Charles  ().  Watlington  (by  invitation)  and 
Vincent  C.  di  Raimondo. 

47.  Hormonal  .Activity  of  Choriocarcinoma  in  Women  and  in  Heterologous 
Transplants  in  Hamsters  and  Rats. 

Roy  Hertz,  M.  H.  lApsett  and  S.  J .  Jackson  (by  invitation). 

4S.  I.MMUNOLOGICAL  .VnALYSIS  OF  OviNE  PITUITARY  LH. 

Sheldon  J,  Segal. 

49.  The  .Vction  of  Gonadotropic  Hormone  Prepar.ation  from  Various  Species  in 
the  Hypophysectomized  Male  Rhesus  Monkey. 

E.  Knobil  and  J .  B.  Josimovich  (by  invitation). 

.50.  The  Maintenance  of  Luteotrophin  Secretion  by  Means  of  Progesterone. 

I.  Rothchild. 

51.  Urinary  Excretion  of  Luteinizing  Hormone  (LH)  by  .\nxious  Patients 
AND  XoRMAL  SUBJECTS. 

Harold  Persky,  Howard  C.  Jackson  (by  invitation),  Robert  IP.  McCurdy  (by  invita¬ 
tion)  and  John  Paul  Brady  (by  invitation). 

intermission 

.52.  Observations  on  the  Endogenous  Respiratio.n  of  the  Testicular  Tissue. 

E.  Steitiberger  and  C.  Wagner  (by  invitation). 
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")3.  Thk  Distkibution  of  Tksto.stkrone-4-C’'^  in  the  Rat. 

F.  Parra  (by  invitation),  R'.  J.  Reddy  and  G.  IT.  Thorn. 

.54.  Effects  of  Ani)Hogen.s  on  Intermediary  Metabolism  in  Muscle. 

C.  .1.  Villee,  J.  M.  Loring  (by  invitation)  and  J.  M.  Speneer  (by  invitation). 
oo.  In  vivo  Glycine-1-C'^  Incorpor.ation  Studie.s  of  Mouse  Kidney  B-Olucuroni- 
DASE  IN  Response  to  Androgenic  Stimulation. 

Olii'e  S.  Pettengill  (by  invitation)  and  William  U.  Fishman. 

5<).  Stimulation  of  F^rythropoiesis  by  .Vndrogenic  Hormones. 

li.  J .  Kennedy. 

57.  The  Testis  in  Myotonic  Dystrophy  (Steinert’s  Disease). 

.\irholas  P.  Christy,  William  I).  Drueker  (by  invitation)  and  William  .1.  Plane. 

VII.  2:30  P.M.— OVARY.  THYROID. 

Mona  Lisa  Room 

Chairmen:  F.  B.  .\,stirood  and  S.  II.  Ingbar 

5S.  Comparative  Hydrolysis  of  Estrogen  Conjugates  by  Three  Different 
Enzyme  Preparations. 

.\very  .1.  Sandberg  and  IP.  R.  Slaimwhite,  Jr. 

59.  A  Study  of  Estrogen  Antagonism  by  MER-25. 

.\rthur  Cutler  (by  invitation).  Jeanne  .4.  Epstein  and  Herbert  S.  Kupperman. 

()0.  Discrepancies  Between  Various  I'®‘  Preparations  in  Measurement  of 
Thyroid  Uptakes. 

.\lvin  Taurog. 

HI.  The  in  vitro  Stimulation  of  Thyroidal  Activity  by  Propylthiouracil. 

Philip  F.  Mulvey,  Jr.  (by  invitation),  I).  H  fli-rf  Slingerland  (by  invitation)  (Intro¬ 
duced  by  Belton  .V.  Burrows). 

H2.  The  Thyroidal  Organification  of  Radioiodine  in  the  Presence  of  Inhibitory 
Amounts  of  .Vntithyroid  Substance. 

.Marvin  L.  Mitchell,  Jose  .1.  Sanchez-. Martin  (by  invitation),  .\nne  B.  Harden  (by 
invitation)  and  .Mary  E.  O'Rourke  (by  invitation). 

63.  Effect  of  Thyrotropin  upon  Thyroidal  Iodide  Release  in  Man  and  Rat. 

I .  .V.  Rosenberg,  C.  S.  .\hn  (by  invitation)  and  M.  //.  Chaflen  (by  invitation). 

intermission 

64.  Effects  of  Serotonin  and  Related  ('(impounds  on  the  Metabolism  of  Thy¬ 

roid  Hormones  and  Iodine. 

Valerie  .\nne  Gallon  (by  invitation)  and  Sidney  //.  Ingbar. 

65.  The  Role  of  (ilucose  and  Insulin  in  Peripheral  Thyroxine  Degradation 

AND  Thyroidal  Iodide  Accumulation. 

Herbert  G.  Rose  (Introduced  by  .John  R.  Hogness). 

66.  The  Interaction  of  Serum  Thyroxine  During  Pathologic  Pregnancies  with 

Ion  Exchange  Resins. 

R.  L.  Xieolojf  (by  invitation),  J .  T.  XieoloJT  (by  invitation)  and  J.  T.  Dowling. 

67.  Inheritance  of  Defective  Organic  Binding  in  Familial  Goitrous  Cretinism. 

Rose  H .  Parker  (by  invitation)  and  William  //.  Beierwaltes. 

6S.  Effect  of  Thyroid  Deficiency  on  .\mino  Acid  Transport  in  the  Adenohypo¬ 
physis. 

Paulo  .1.  .{ yroza-Galvao  (by  invitation),  David  M.  Kipnis  and  William  //.  Daugha- 
day. 

69.  Dissociation  of  Calorigenic  and  Chole.sterol  Lowering  Effects  by  Di- 
lODOTHYROACETIC  .VciI). 
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John  R.  Kent  (l)y  invitation),  I  lorry  F.  Hurd  (by  invitation),  Fdwin  S.  Stcnberg 
(by  invitation)  and  Peter  II.  Forshnni. 

VIII.  ANNUAL  DINNER— Eden  Roc  Hotel 

Dwight  .1.  Ingle,  President  presiding 
6:30  P.M.— Coektails 

Pavilion  Room 

Sponsored  by  the  donors  of  the  Awards  of  the  Society: 

Ciba,  .\yerst,  I’pjohn  and  Squibb 
.\ttendanee  liniitc'd  to  holders  of  dinner  tickets 

7:30  P.M. — Dinner — Imperial  Room 

Presentation  of  the  HhiO  Awards  of  the  Society  by  Roland  K.  Meyer: 

The  ('iba  Award 

The  Fred  Conrad  Koch  Award 

Scpiibb  Fellowship 

I’pjohn  Scholar 

Prc'sident’s  address:  Dr  Ingle 

SATURDAY,  JUNE  11,  1960 
8:30  A.M. — Registration — Lobby 
IX.  9:00  A.M.— DIABETES  AND  RELATED  METABOLISM 

Cafe  Pompeii 

Chairmen:  Thaddeus  S.  Danoieski  and  Robert  II.  Williams 

70.  Thk  Diaonostic  Vai.uk  and  Modus  Opkrandi  of  Sodium  Tolbutamidk  in  Hypo- 

GLYCKMIC  StATKS. 

Stefan  S.  Fajans,  Jack  M.  Schneider  (by  invitation),  David  E.  Schteingart  (by  invi¬ 
tation)  and  Jerome  IF.  Conn. 

71.  Transhkpatic  Ralanuk  of  Insulin-Likk  .Xctivity  Following  Hypkrglyckmia. 
R.  //.  Egdahl  and  11.  L.  Goldberg  (by  invitation). 

72.  Studiks  on  thk  Rinding  of  Insulin  to  .\diposk  Tissuk  in  vitro. 

Rene  llumbel  (by  invitation)  and  .\lbert  E.  Renold. 

73.  Effkct  of  Plasma  Protkin  Fractions  from  Normal  and  Hypophyskctomizkd 

SURJKCTS  ON  (iLUCOSK  I'PTAKK  BY  MUSCLK. 

K.  II'.  Taylor  (Introduced  by  .1.  E.  Renold). 

74.  Intkrfkrknck  by  Epinkphrink,  ACTH  and  (irowth  Hormonk  in  Mkasurk- 

MKNTs  OF  Insulin-Likk  .\cti\tty  (ILA). 

Jurgen  Steinke  (by  invitation),  Gaston  Zahnd  (by  invitation)  and  .Mbert  E.  Renold 

75.  Hormonal  Effkcts  on  Pathways  of  (Jlucosk  Mktabolism  of  Endocrink 

Tissuks  in  Vitro. 

Ira  Pa.<stnn.  James  li.  Field  and  .\rnold  .V.  Weinberg. 

INTKRMISSION 

76.  Effkcts  of  Human,  Monkky,  Pig,  and  Shkkp  (Irowth  Hormonks  on  Glucosk 

Mktabolism  in  .\diposk  Tissuk. 

.Mbert  I.  Winegrad  and  Walter  X.  Shaiv  (Introduction  by  Francis  D.  W.  Lukens). 

77.  Thk  Lipolytic  Rksponsk  to  Corticotropin. 

C.  //.  llollenberg  (by  invitation),  M.  S.  Raben  and  E.  B.  .\stwood. 

78.  ,\n  in  vitro  Effkct  of  Cortisol  on  .VCTH  or  Epinkphrink  Stimulatkd  Adiposk 

Tissuk. 
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Hernnrd  Leboeuf  (by  invitation)  and  George  /■’.  Cahill,  Jr. 

79.  Inklukxck  of  Hypophy.skctomy  and  ('krtaix  Hokmonks  on  .\-Aminoisoiu’tyratk 
(AIB)  Transport  in  Adrknal  and  Diaphrag.m. 

J.  Eiehhorn  (by  invitation),  I.  I).  K.  Unlkernton  (by  invitation),  M.  FeinMein  (l)y 
invitation)  and  O.  Ileehter. 

SO.  KxPKRIKNCK  with  MkLATONIN,  a  PiGMKNT  C'KLL  HoRMONK  FRO.M  THK  PiNKAL. 
James  I).  Case  (by  invitation),  .\aron  B.  Lerner  (l)v  invitation),  M.  Ruth  Wright 
(by  invitation)  and  Joseph  S.  McGuire  (by  invitation).  (Invited  paper,  20  minutes) 

X.  2:00  P.M.— CLINICAL  SESSIONS 

Cafe  Poini)eii 

Chairman:  John  E.  Hoieard 

1.  Control  ok  Ovllation 

OVUL.ATION. 

Charles  IP.  Llogd,  Robert  B.  Greenblatt  ami  Gregorg  1‘ineus. 

2.  Abnormalitiks  of  Skx  Diffkrkntiation. 

A.  Classifieation  and  EtioloKy. 

Melvin  M.  Grumbaeh. 

H.  Dia^Dosis  and  Selia-tion  of  (Imider  of  Hearinjj;. 

I.awson  Wilkins. 

C.  Psyehologie  Aspects  of  S(>x. 

John  Money. 

1).  Questions  and  Presentation  of  Cases. 

.3.  Tksts  of  Adrknocortical  Function. 

J .  IP.  Jailer,  L.  J .  SojTer,  .V.  P.  Christy  and  R.  E.  Peterson. 


AXX()UX('KMEXTS 

(iTH  IXTKHXATIOXAL  COXCJHKSS  OF  IXTFRXAL  MFDICIXF 

(itii  International  Congress  of  Internal  Medicine,  August  24-27, 
19()(),  Basle  (Switzerlaiul) ;  organized  by  the  International  Society  of  In¬ 
ternal  Medicine  (President:  Sir  Hu.s.sell  Brain,  I’.A.C.P.  Hon.,  London). 
President  of  the  Congre.ss:  Prof.  Dr.  A.  (Jigon,  Basle.  Secretary:  Prof. 
Dr.  II.  Ludwig,  Basle. 

Principal  subjects  of  the  Congress:  Pathogenesis  and  Therapy  in 
I'.dema — lOnzymie  Regulations  in  the  Clinic.  Panels:  Interstitial  Xephri- 
tis — Xephrosis — Diuretics — Diagnostic  Value  of  Enzymes — Therapeutic 
Indications  of  the  Enzymes — Serology  in  Rheumatic  Disea.ses — Instruc¬ 
tion  in  Internal  Medicine.  Lectures  on  .subjects  of  free  choice.  Seventy 
leading  internists  from  all  over  the  world  will  take  part  in  the  main  .scien¬ 
tific  programme  by  reading  their  papers  or  joining  in  the  panel  discussions. 

Official  languages:  Clerman,  French,  English.  Simultaneous  translation 
for  the  principal  lectures.  Programmes  and  registration  forms  for  the  con- 
gre.ss  may  be  obtained  from  the  secretary  of  the  6th  International  Con¬ 
gress  of  Internal  Medicine,  Steinentorstrasse  18,  Basle  10  (Switzerland). 
Registrations  should  reach  the  .secretary  if  possible  b}’  April  80,  1060. 
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SOUTHWEST  RESEARCH  INSTITUTE 

Unclassified  symposium  on  the  psychological  and  physiological  aspects 
of  space  flight,  May  2(5-27,  19(50. 

Arranged  by  Southwest  Research  Institute,  sponsored  by  School  of 
Aviation  Medicine,  USAE  Aerospace  Medical  Center  (ATC).  Head- 
(piarters,  Hilton  Hotel,  San  Antonio,  Texas. 

EXCERPTA  MEDICA  FOUNDATION 

New  York  Office;  The  New  York  Academy  of  Medicine  Buildino 
2  East  lOd  Street,  New  York  29,  N.  Y. 

Our  chief  editors  have  decided  to  begin  publication  of  a  recorded  med¬ 
ical  journal  to  be  published  under  the  title  “Voice  of  Medicine.”  We  shall 
publish  recordings  of  discussions  and  interviews  taken  during  national  and 
international  medical  congre.s.ses,  clinical-pathological  conferences,  world 
health  assemblies,  medical  meetings  and  symposia.  We  shall  include  dis¬ 
cussions  by  leading  specialists  on  subjects  of  current  medical  interest  ar¬ 
ranged  by  hixcerpta  Medica  on  an  international  level. 


NEW  BOOK  REGISTER 

('arcinogknksis,  .Mkchanisms  of  .Vctiox.  (Mini  Foundation  Syinposiuin.  Boston: 
Little,  Brown  and  Comimny. 

Hk.gulation  of  ('kll  Mktauolism.  ('iha  Foundation  Symposium.  Boston:  Little, 
Brown  and  Comimny. 

Implantation  of  Ova.  Edited  by  F.  Eekstein.  Memoirs  of  tlu>  Soeiety  of  Endoerinology. 
England:  (’amhridge  I’niversity  Press. 

CoMPAU.ATiVK  Endockinology.  Oorhiuan.  Columbia-Cold  S])ring  Harbor  Symiiosium. 
Springfield:  (’.  ('  Thomas  Publishing  Co. 

l)iK  Stkuilitat  dkk  Frau.  Biekenbaeh  and  Doling.  Stuttgart:  (leorg  Thieme  Verlag. 
Hor.monthkrapik  in  dkr  Frauknhkilkl'.ndf,.  .Joaehim  Cfer.  Berlin:  Walter  de  (Jruyter, 
&  ('<). 

Hkcfnt  Progrkss  in  Hormonk  Hkskarcii.  Proeeedings  of  tin*  Laurentian  Hormone 
C'onferenei'  19.MS.  Edited  by  (Jn'gory  Pineus.  Xew  York  and  Lonilon:  .Vimdemie 
Press. 

I)k  Endkmischk  Krop  in  X’kdf.rland.  Koninklijke  Van  (loreum  &  ('ompany. 

.M.\jor  Endocrink  Disordkrs.  S.  Leonard  Simpson.  Xew  York:  O.xford  (Tiiversity 
Press. 

Psychiatry  i.n  thi;  Mkdical  Spkcialtiks.  Flanders  Dunbar.  Xew  York:  MeOraw-Hill 
Book  Comimny,  Inc. 

Hkcknt  Progrkss  in  Oxytocin  Ukskarch.  B.  Berde.  Springfield:  Charles  C  Thomas, 
Publishers. 

Mktaholic  Homf.ostasis.  Xathan  B.  Talbot,  Robert  H.  Richie  and  John  1).  Crawford, 
('ambridge:  Harvard  (Tiiversity  Press. 

Clinical  Disordkrs  of  Hydr.ation  and  .\cid-Bask  Equilihrium.  Louis  (J.  Welt. 
Xew  York:  The  Ronald  Press  C'o. 

Rkproduction  in  Domkstic  .Vnimals.  Edited  by  H.  H.  C'ole  and  P.  T.  Cupps.  Xew 
York  and  London:  .\cademie  Press. 
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(Iyxakcomastia.  IVtor  F.  Hall.  Australasian  Medical  Publishing  Co.,  Lt.  Sydne\-. 

Thk  Diabktic’s  Handbook.  (Second  pAlition)  .\nthony  M.  Sindoni,  Jr.  Xew  York: 
The  Ronald  Press. 

^IiCROBiOLOGiCAL  Rkactions.  ('iba  Foundation  Study  Group  N’o.  2.  Boston:  Little, 
Brown  and  Co. 

('ancer  Current  Liter.\ture  Index.  .Vmerican  Cancer  Society,  Inc.  Xew  York. 
Problems  .\ctuels  d’Endocrinologie  et  de  Xutrition.  Edited  by  H.  P.  Klotz  and 
J.  Tremolieres.  Paris:  Expansion  Scientifique  Francaise. 

CiusTA  Endemica  Dlstrovia  Ende-mica  Tireopata  Sub  Red.actia  .Vcad.  St.-M.  Mileu. 

Volume  I.  Editura  .\eadeniiei  Republicii  Populare  Romine. 

Gusta  Endemica  Distrofia  Endemica  Tireopata  Sub  Redactia  .\cad.  St.-M.  Milcu. 

Volume  1 1  Editura  .Vcademiei  Rt'publicii  Populare  Romine. 

Opere  .Vlese.  Vol.  II.  Endocrinologie  Generala,  Glanda  Tiroida,  Glandele  Paratiroide, 
Si  Timus.  C.  I.  Parhon.  h^ditura  Academiei  Republieii  Populare  Romine. 
Endocrinologia  Glandelor  Salivare.  Acad.  C.  I.  Parhon  and  A.  Babes  i  i.  Petrea. 

Editura  .Vcademiei  Rejiublicii  Poi)ulare  Romine. 

Epifiza  Glanda  Endocrina  de  .Vcademician  St.-M.  Milcu.  Editura  Vcademiei  Republicii 
Populare  Romine. 


